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The present number is the second of a scries concerned with 
the applications of ph>sics in medicine, the first of which was 
No 6 of Vol 3 Advantage has been taken of the advice 
of mans of the contributors to this number in evolving its 
general plan and the range of its subject-matter In addition, 
acknowledgment should be made for benefit gained by con- 
sultations with Prof W V Majncord, who contributed the 
mtroductoo article to the senes ( BMB 721), and Mr L G 
Gnmmett B Sc. former > of the S icncc Comm ssion, Con- 
ference of A I ed Mims ers of Education, an I at present atta hed 
to the Preparatory Commission of the United Nations Education- 
al, Scientific and Cultural Organisation 
The historj of medicine provides a clear demonstration of 
the impermanence of therapeutic methods, and the probable 
future of radiotherapy is a question upon which there can be 
no unammit) However, as so often happens in medicine, an 
originally empirical method of treatment has led to the growth 
of a new field of scientific study of great intrinsic interest 

Dr F G Spear is a member of the scientific staff of the Medical 
Research Council, London, and is well known for his pioneer 
work in radiobiology He is deputy director of the Strangeways 
Research Laboratory, Cambridge, where systematic research 
in experimental radiology has been done since 1922, when the 
late Dr Strangeways began his radiological investigations with 
tissue cultures Dr Spear is a member of the National Radium 
Trust and the National Radium Commission He has published 
many papers on the biological effects of radiations and in 1930 
received the Rontgen Award of the British Institute of Radiology 


Dr. L H Gray has been research student in the Cavendish 
Laboratory under Lord Rutherford (1927-33) and a Fellow of 
Trinity College, Cambridge (1930-34), when he studied the 
radiation resulting from the annihilation of positron-electron 
pairs, and the absolute measurement of gamma-ray energy by 
ionization methods In 1933 he was appointed physicist to 
the Mount Vernon Hospital, and commenced research in relation 
to the radiotherapy of cancer His earlier published work was 
concerned with establishing the fundamentals of the measure- 
ment of x- and gamma-ray energy, and particularly m relation 
to the absorption of energy in living cells In 1936, in collabora- 
tion with Dr J Read and under the auspices of the British 
Empire Cancer Campaign, he constructed at the Mount Vernon 
Hospital the first neutron generator to be built in Britain 
specifically for biological studies His numerous papers (many 
of which were published jointly with other workers) deal with 
the measurement of neutron energy absorbed in living cells , 
comparative studies of the effects of gamma rays, a rays, 
neutrons and other ionizing radiations on enzymes, colloids, 
chick-embryo fibroblasts, tadpoles, root-tips, and both normal 
and malignant tissue of mice , and the bearing of these experi- 
ments on the use of x rays and neutrons in the treatment of 
rancer From 1934 to 1939 he was Prophit Scholar of the Royal 
College of Surgeons Dr Gray is at present senior physicist 
to the Mount Vernon Hospital, where he is in charge of radio- 
biological research, and honorary secretary of the British 
Institute of Radiology In 1938 he received the Rontgen 
Award of the Institute 


Dr D G Catcheside is lecturer in botany at Cambridge 
University and a staff Fellow of Trinity College In the Botany 
school he is mainly concerned with the teaching of genetics and 
cytology His earlier published work dealt with the cytogenetics 
of the plant Oenothera More recently most of his attention 
nas been devoted to the study of the genetical and cytological 
enects of x rays and other radiations, especially with a view to 
discovering the mechanism of this action 


5 R D E Lea formerly worked on nuclear physics at the 
uavendish Laboratory, Cambridge In recent years he has been 
studying various biological actions of radiations at the Strange- 
p a f s J Laboratory, and also in collaboration with a number of 
Cambridge workers These researches have been directed at 
me elucidation of the detailed mechanism of genetical and 
cytogenetical effects of radiation, of the inactivation of viruses, 
A £ ,ll,n e °f bacteria Dr Lea has written a book — 

Actions of radiations on hung cells (Cambridge University Press, 
m press) — which summarizes the present state of research in 
these subjects 

Dr A Glucrsviann is a member of the staff of the Strangeways 


Research Laboratory, Cambridge, where he has been histologis 
to the radiological section since 1933 He has worked on the 
histogenesis of normal and malignant tissues, and has studied 
by quantitative histological methods the effects on a variety of 
tissues of mechanical stresses, of the action of various chemicals, 
and of penetrating radiations In ’942 he received the Rontgen 
Award of the British Institute of Radiology 
Dr G J Neary is physicist in charge of the clinical work of 
the physics department at Mount Vernon Hospital and the 
Radium Institute Northwood, Middlesex He is a graduate of 
Cambridge University and worked under Lord Rutherford 
in the Cavendish Laboratory on the beta-ray type of radioactive 
disintegration He joined the staff of Mount Vernon Hospital 
and The Radium Institute m 1938, where he has given special 
attention to the practical side of the measurement of x rays 
and the radiations from radium He has also made use of 
mathematical methods in analyzing clinical problems of the 
distribution of x and gamma radiation and has thereby designed 
a radically new type of radium applicator for the treatment of 
carcinoma of the cervix uten 

Dr F Ellis was medical director of the Sheffield Radium 
Centre from September, 1930, until May, 1943, when he became 
director of the department of radiotherapy at the London 
Hospital He was the first radiotherapist to install Metropolitan- 
Vickers’ continuously-evacuated x-ray equipment, which he did 
in 1932 He advocates a considerable measure of standardization 
of apparatus, and believes that, m treating malignant diseases, 
the highest dose compatible with complete recovery of the 
normal tissues is the optimum, and that timing and fractionatiod 
nshould be chosen accordingly He maintains that dosage shoul 
be as uniform as possible throughout the volume treated, and 
he has applied * wedge filters ” for this purpose and to conserve 
normal tissue He has made considerable use of the methods of 
aspiration biopsy and later “ drill ” biopsy for obtaining histo- 
logical material He believes that the radiotherapist must be 
primarily a clinician with a physiological and physical imagina- 
tion His published work includes papers on tolerance-dosage 
m radiotherapy with 200 kV x rays , radiotherapy m the 
treatment of thyrotoxicosis , radiotherapy of malignant disease 
of the ovarv , and the radiosenfitivity of malignant melanomata 
Dr J Read is physicist to the radiotherapy department of the 
London Hospital Earlier he collaborated with Dr L H Gray 
at the Mount Vernon Hospital in a study of the biological effects 
of different ionizing radiations, including neutrons and alpha 
particles, and the measurement of dose of these radiations in 
comparable units He is joint author of papers on “ Effects of 
ionizing radiations on the broad bean root, ’ parts I-VI ( Brit J 
Radiol 1942-44) , '* The treatment of cancer by fast neutrons ” 

( Nature , 1 943, 152, 53) , “ Measurement of neutron dose m 
biological experiments ’ {Nature, 1939, 144, 439) Dr Read is 
a member of the council of the British Institute of Radiology, 
and of the executive committee of the Hospital Physicists 
Association 

Professor S Russ is physicist to the Middlesex Hospital and 
professor of physics in the University of London He has studied 
many aspects of the reactions of the living cell to x rays and radium, 
and has participated in the development of modern x-ray and 
radium therapy He was for six years scientific secretary of the 
National Radium Commission 

Mr G S Innes is physicist and engineer to the Mozelle Sassoon 
high-voltage x-ray department at St Bartholomews HospitaL 
Prior to this appointment he was engineer m charge of the 
development and installation of high-voltage continuously- 
evacuated tubes and rectifiers at Messrs Metropohtan-Vickers 
Electrical Co , Ltd , Manchester, supervising also initial opera- 
tions of these equipments m many radiotherapy departments 
He has published a number of papers on continuouslv -evacuated 
tubes and rectifiers in conjunction with his colleagues and is 
technical co-author in the recent publication of R Phillips, 
Supervoltage x-ray therapy (London, 1945) 

Mr W Binks is a senior scientific officer at the National 
Physical Laboratory, Teddmgton He is also a member of the 
National Radium Commission and of the British A"-ray and 
Radium Protection Committee His published work, includes 
papers dealing with dosimetry and absorption of x ra>s and 
radium gamma ra>s, and with the protection of x-ra> and radium 
workers 
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Introduction 

While Planck was putting forward his theory of energy 
quanta, Becquerel, by accident, and Curie and Aschkinass, 
by design, made experiments upon themselves and, with 
others, demonstrated the destructive action of radium and 
X rays on living tissues As a consequence, the biological 
effects of penetrating radiations became widely studied, in 
part to satisfy a natural curiosity, but also to determine how 
the rays might be usefully employed in medicine The 
fiftieth anniversary of the discovery (in November 1895) of 
x rays seems a fitting time to review the trends and some of 
the achievements in this now vast field of experimental 
radiobtology, which was bom so soon after Rontgen’s 
momentous announcement 

For roughly 25 years biological observations were mainly 
qualitative and were concerned with the changes seen m a 
great variety of biological material, after exposure to 
arbitrarily chosen and crudely measured doses of radiation 
By this seemingly haphazard method, however, many facts 
of fundamental importance were learnt For example, the 
selective action of radiation was recognized m the discovery 
that the cells of some tissues were more affected by a given 
dose of radiation than the cells of other tissues exposed to 
the same dose under identical conditions It was also found 
that the same dose produced a different result according to 
whether it was gnen at a high intensity for a short time or 
a low intensity for a longer tune It was noted that 
proliferating tissues showed a more marked reaction to 
radiation than those without dividing cells and that a latent 
period, which vaned for different types of response, elapsed 
between exposure and the appearance of radiation-effects 
From about 1920 biological response was, in the laboratory 
at least much more frequently measured quantitatively, 
though all tissues were not equally convenient for experiments 
of this kind Some observers chose what was already familiar 
to them and others what was most conveniently available 
Meanwhile, work on the physical measurement of dose made 
progress culminating in the international unit of measure- 
ment for rnvi now applicable to gamma radiation as well 
Experimental radiobiologv has thus grown to a science 


m which physical dose and biological response can be 
measured with reasonable accuracy Its development has 
been greatly influenced by its relation to medicine and, while 
attempts are sometimes made to distinguish those investiga- 
tions which have obvious application to medical practice 
(“ applied radiology ”) from those which have not (“ pure 
research ”), opinion would often be divided as to which 
category any particular investigation should be assigned 
At least one major effort has been made to review the 
literature not immediately concerned with practical radio- 
therapy (Duggar, 1936) The vast mass of literature which 
has accumulated on the other side has been the subject of 
many reviews (Warren, 1928 , 1943 , Desjardins, 1930 , 
1931 , 1932a , Scott, 1937 , Ellmger, 1941 , Packard, 1945) 
The purpose of this paper will, however, best be served by 
ignoring this somewhat arbitrary division and giving a brief 
summary of each of the main branches into which the subject 
has, through circumstance or convenience, become divided 

1 Background Theory 

The most conspicuous advances in experimental radio- 
biology have been made when physicist and biologist have 
worked m harmonious collaboration, an achievement which 
in practice is too seldom realized This is mainly due, 
perhaps, to a difference in training and outlook which needs 
to be remedied by re-education on both sides (Mayneord, 
1945) 

The effects produced by radiations in their passage through 
living matter may be studied m two ways The investigation 
may be concerned with the mechanism of the action of 
radiation by means of specially designed experiments on 
selected materials, usually of the simplest kind This is often 
referred to as “ fundamental research,” and is a long-term 
programme of research in which much detailed information 
is gradually collected for a particular material, but it does 
not necessarily follow that what is observed for one tissue 
applies to other kinds of tissue after similar doses of irradia- 
tion The other, or short-term method, involves a study not 
of the exact mechanism of the biological action of radiations, 
but of their histological effects under given physical con- 
ditions Much of this work forms the background of medical 
radiotherapy, and its results are no less fundamental than 
those obtained by the other approach , they are sometimes 
of great practical use 

It was natural, perhaps, that the physicist should be attracted 
to problems concerned with the mechanism of action of 
radiation on living cells, while the biologists, in the main, 
devoted their energies to recording changes m behaviour of 
irradiated tissues under a variety of experimental conditions 
This division of labour has, however, had an unfortunate 
tendency to sharpen the difference between the physical and 
biological approach to radiological problems The result has 
been the elaboration of theories of action of radiation with, 
at best, only a limited scope, which have generated a great 
deal of controversy, not always to the advancement of the 
science Theories of action start from the law of Grotthus and 
Draper that only absorbed radiation is effective The physical 
unit for absorption is the atom The biological unit is the cell, 
made up of some 10'° molecules in active motion, within 
which effective radiation energy must be absorbed Absorption 
of x rays m matter produces secondary electrons, and it was 
suggested by Dessauer (1932) that these electronic energies 
are non-specifically degraded on colliding with protein 
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molecules, and that the energy is transformed into the basic 
process of heat at isolated points 
According to Holthusen (Holthusen, 1924 , Holthusen & 
Zweifel, 1932), on the other hand, the energy required for 
the radiation effects originates from the state of excitation 
(Bohr) of protein molecules, following the absorption of 
quanta of radiation, making the molecules capable of new 
reactions For example, an increase in intracellular osmotic 
pressure may result from the formation of substances with 
smaller molecular weights than the original substance If the 
surrounding fluids are not changed to the same extent, this 
would cause swelling of cells An increase in cell size after 
irradiation is known to occur in certain instances (Robertson, 
1932 , 1935 , Lea, Haines <£. Coulson, 1937 , Woodard, 1938), 
but is by no means common to all cells affected by radiation 
A suggestion that radiation caused a re-arrangement of colloid 
charges (Qark, 1938), which was at first regarded as an 
altemaUve mechanism of action, can now be fitted into 
Holthusen’s photochemical theorv by regarding the change of 
charge as a photochemical process 
Ionization rather than excitation became generally regarded 
as the link between energy absorption and biological response, 
and a hypothesis which has attracted a great deal of attention 
was put forward (Crowther, 1926 , Curie, 1929 , Holweck, 
1929 , Lacassagne, 1929 , Glocker, 1932), according to 
which there exists in the cell a specially sensitive volume 
within which ionizations are biologically effective, and these 
account for the changes subsequently observed More than 
one ionization may be required to produce a biological effect, 
but any ionization which occurs within the cell but outside 
the sensitive volume is ineffective This view of the mode of 
action of radiation has come to be known as the target or 
“ quantum hit ” theory, and among its supporters are many 
physicists Differences in sensitivity to radiation are explained 
by the chance distribution of ionizations in the vital volume 
of the cell Those who oppose the idea have, perhaps, less 
well-defined views on radiation action, and are united mainly 
m their opposition to the theory As an alternative hypo- 
thesis they suggest that a chemical or metabolic change is 
produced m the cell by irradiation, and they argue that the 
biological results of physical as well as chemical agents can 
be explained on the assumption that individual cells differ m 
their reactions to the changes produced the weakest 
succumb first, then the less weak, and the strongest last of all 
A great deal of time and effort has been spent in attempts to 
prove and disprove one or other theory, and most lively 
controversies have taken place between the contending 
parties (Scott, 1937) The idea of a compromise has come 
late, but the results of at least one investigation (Worrung, 
1937) were shown by the author to be equally well-explained 
either by the quantum-hit theory' or by that of variation in 
individual sensitivity 

That the target theory holds for particular cases now seems 
indisputable It is true m certain instances where the criterion 
of effect is a lethal action, or a type of injury is produced 
from which there is no recovery (Lea, Haines & Coulson, 
1936 , 1937) But it cannot be made to fit all types of 
biological response to radiation, since by definition it makes 
no allowance for adaptability in living organisms to changes 
of environment, including those brought about by radiation 
The cell is not inert until it is dead, and so long as it is alive 
it is capable of a change of behaviour, and with that change 


an alteration in its susceptibility to radiation, which cannot 
be predicted The types of response must be learned from 
observation under different biological conditions For 
example, the same cell differs m its susceptibility to radiation, 
among other things, according to its state of dryness, its 
metabolic activity, its stage of growth, and its age (Petty, 
1922 , Heilbrunn, 1927 , Henshaw, 1932 , Scott, 1934 , 
Faiila, 1941) There is a danger in attempting too much 
simplification by physical explanations when dealing with such 
complex biological material 

2 Physical Dose and Biological Response 

The need for a quantitative measure for radiations was 
apparent as soon as their biological effects had been recog- 
nized, and one equally suited to experimental and clinical use 
was desirable The question of a biological or a physical 
basis for radiation dosimetry has been debated for many 
years As early as 1918 it was suggested by Russ (1918) that 
the amount of radiation necessary to kill mouse cancer cells 
might be used as a standard for which he suggested the name 
“ rad ” Since then, many similar methods of dosage have 
been devised and will be considered under the heading 
Biological Indicators 

The most practical and useful method of dosimetry, 
however, is that based upon the ionization produced in air 
by radiation, originally suggested in 1908, and now developed 
mto the international rontgen (r) of x- and gamma-ray 
measurement ( British Journal of Radiology, 1927) Much 
research has been done to discover under what conditions the 
ionization in air may be taken as a measure of the dose in 
living tissues (Mayneord, 1940 , Wilson, 1945) 

Assuming that ionization in the tissue is responsible for 
the biological changes produced, the rontgen should be a 
useful unit for linking physical dose with biological response, 
since an accurate measure of any well-recognized biological 
response in terms of the rontgen would enable the expen- 
mental conditions to be repeated anywhere by any competent 
person The first and most obvious biological response to 
be recognized was the erythema produced in human skin, 
and since the tolerance of the skin to radiation is a limiting 
factor in many radiotherapeutic procedures, the determination 
of the “ skin erythema dose ” (SED) in rontgens has been the 
subject of much careful investigation (Quimby, 1941 , 1942) 
The difficulties of such an apparently simple procedure are, 
however, considerable The dose received by the skin is 
due not only to the incident radiation, but also to scattered 
radiation which may constitute half the total dose, and which 
vanes with the quality of radiation, the size of the irradiated 
area, and the particular part of the body (depending on the 
relative amount of bone, muscle and fluid) being irradiated 
(Reisner, 1933 , Wintz, 1933 , Tboraeus, 1935 , Hudson, 
1937 , Exner & Packard, 1945) On the biological side, the 
accuracy of the determination is vitiated, partly owing to 
individual vanation in the response to irradiation, and partly 
to difference of opinion of vanous observers as to what 
constitutes the proper erythema reaction Taking the results 
obtained from the majonty of observations made, it is 
possible to compile tables of the approximate value of the 
SED for different quality radiations falling on a field of given 
area (Reisner, 1933 , Wintz, 1933) or volume of given size 
(Quimby, 1935) In any one senes of observations made 
under constant conditions by the same observer the do^es 


3 


BRITISH MEDICAL BULLETIN 


arc likely to be comparable with each other, but where 
different senes of experiments are considered a comparison 
of doses trust be trade with caution 
The deteimn aticn of the SED for different quality radia- 
tions has shewn a rise in the skin tolerance as the wavelength 
of the radiation shortens Large doses of highly penetrating 
radiations can new be given to a deep-seated tumour with 
comparative safety to the skin But with this decrease in 
absorption of radiation on the skin, there is an increase m the 


These considerations illustrate some of the complexities 
of the irradiation problem where organized body-tissues are 
concerned Great technical advances have been made on 
the physical side in delivering a given dose to a selected 
volume of tissue, but a stage has been reached when it is 
easier to deliver a given dose of radiation than to know 
precisely what biological changes that irradiation produces 
m the tissue irradiated It is tune now for corresponding 
advances on the biological side 


TABLE I ILLUSTRATING BIOLOGICAL RESPONSE TO A VARIETY OF RADIATION DOSES 


No 

Dose in r 

1 

I0- 5 

2 

0 175 

3 

025 

4 

0S-I 0 

5 

1 0 

6 

1 25 

7 

80 

8 

9-70 

9 

15 

10 

34 

n 

40 

12 

50 

13 

50-100 

14 

170 

15 

290 

16 

350 

17 

400 1 

18 

500 

19 

800 

20 

1 000 

21 

1,039 

22 

1 200 

23 

2000 

24 

7 000 

25 

9 000-20 000 

26 

30 000 

27 

40 000 

28 

100 000 

29 

117000 

30 

200 000 

31 

330 000 

32 

1 003 000 


Biological Response 

"Safety limit of exposure for radiographers, etc , per sec 
Dose received per day by attendants using a 4 gram radium unit 
“ Safety limit of exposure per day (7-hour day) 

Front of fluorescent screen during examination of patient 
Palpating hand of operator using fluorescent screen every 10 min 
' Safety limit of exposure per day (5 day week) 

Threshold for mitotic effect in grasshopper 
Received by diagnostician making complete radiographic study of 
gastro intestinal tract (see No 13) 

To either gamete produces developmental abnormalities in 5% of 
individuals (frog) (see No 18) 

Threshold for mitotic effect in chick fibroblasts (cf No 7) 
Alteration in ultra-violet absorption in cell-cytoplasm 
30% inactivation of enzyme in dilute solution (cf No 28) 

Tube side of fluorescent screen during examination of patient 
(see No 8) 

Temporary sterilization of ovary in women 
Cessation of ovulation 

Increases by 1% sex-linked lethal mutation in Drosophila 
(maximum yield 15% with 5,150 r, above which dose sperm 
degenerates) 

Initial injury to ovarian follicles and germinal epithelium of 
domestic fowl 

Developmental abnormalities nearly 100% in frog (see No 9) 
Follicular disintegration in domestic fowl 
Mean lethal dose for Ascaris eggs 
Average skin erythema dose for gamma rays 
Total destruction of male gonads of domestic fowl 
Total destruction of female gonads of domestic fowl 
Prevents 'take" when inoculating benzpyrene induced sarcoma 
in rat 

Inhibits regeneration in worm-segments 
Delays cleavage in sea urchin egg 
Causes complete inactivation of frog-sperm 
30% inactivation of enzyme in concentrated solution (x 345 that 
of No 12) 

Immediate death of chick-fibroblast cultures 
Mean lethal dose 8 mesentericus spores 
Mean lethal dose Colpidium colpodo 
Inactivation of plant viruses 


Reference 

British X Ray and Radium Protection Committee (1943) 
Cade (1940) 

British X Ray and Radium Protection Committee (1943) 
Lemmel (1938) 

Lemmel (1938) 

British X Ray and Radium Protection Committee (1943) 
Carlson (1942) 

Jaderholm (1935) 

Henshaw (1943) 

Spear & Grimmett (1933) 

Mitchell (verbal communication) 

Dale (1943b) 

Lemmel (1938) 

Wintz (1930) 

Martius (1931) 

Sturtevant & Beadle (1939) 


Essenburg & Karrasch (1940) 

Henshaw (1943) 

Essenburg & Karrasch (1940) 

Holthusen (1929) 

Quimby (1941) 

Essenburg & Karrasch (1940) 

Essenburg & Karrasch (1940) (cf 17 19, 22 & 23) 
Halberstaedter, Doljanski &Tenenbaum (1941) 

Stone (1932) , Van Cleave (1934) 

Henshaw (1940) 

Henshaw (1943) 

Dale (1943b) 

Spear (1930) 

Lea Haines & Bretscher (1941) 

Crowther (1926 , 1938) 

Lea & Smith (1942) 


energy absorbed in the deeper parts of the body, and this, 
m turn, indirectly affects the “ treated area ” by the production 
of adserse constitutional disturbances This question of 
bod\-dosc was raised in 1938, when the constitutional effects 
of tclcndium therapy were under consideration at the Radium 
Beam Therapy Research, London (Wood <&. Grnnmett, 1938) 
It has been svstcmatically de\e!oped by Mayneord in a senes 
of publications For measunng this radiation he suggests 
a unit to be called the “ gramme-rontgen,” which may be 
defined as the energx absorbed in 1 gram of tissue irradiated 
with one rontgen (Mayneord 1940) 


3 Radiochermstry 

In studying the effects of radiation on biological material 
useful information may be obtained from expenments on 
non-living matter A recent survey by Allsopp (1944) of the 
chemical action of radiations has shown how developments 
in the field of radiochemistry can be related to the study of 
the biological effects of radiation Until quite recently, 
enormous doses of radiation were required to produce 
measurable chemical changes m vitro, and it was suggested 
that chemical processes could not be involved m therapeutic 
radiation at any rate, since recognizable changes could be 
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obtained only with doses far above the maximum human 
tolerance dose (Scott, 1937) 

Recent work by Dale (1942, 1943a, 1943b), however, has 
shown the fallacy of the conclusion Dale arranged his 
experimental procedure so that the chemical changes produced 
by irradiating purified enzymes m aqueous solution were 
magnified many times by the accompanying changes in 
biological activity Dale’s results show quite clearly that 
a constant amount of solute is inactivated for a given amount 
of radiation-energy absorbed m the whole solution, irre- 
spective of the concentration of the solution The simplest 
explanation of these results is that the initial process consists 
in “activation” of solvent molecules by absorption of 
radiation, followed by the transfer of energy to the solute by 
inelastic collision, without the term “ activation ” being 
precisely defined (Risse, 1930 , Fncke, 1934) 

It may be recalled here, however, that m the initiation of 
radiochemical reactions in gaseous systems, excitation of 
molecules is apparently more important than ionization, 
since radiochemical reactions m the gas phase in general 
follow the same course as the corresponding photochemical 
reactions (Eynng, Hirschfelder & Taylor, 1936 , Hirsch- 
felder & Taylor, 1938 , Smith & Essex, 1938) There is no 
reason to suppose that radiochemical reactions m aqueous 
solutions are not similarly initiated by energy-carrying 
solvent molecules (Allsopp, 1944) The experimental evidence 
is consistent with the hypothesis that the energy-earner is 
a free hydroxyl radical (Weiss, 1944) 

Since the number of solute-molecules decomposed by a 
given radiation-dose depends on the concentration of 
activated solvent produced (not on the concentration of the 
solute) and will therefore be relatively small, the concentra- 
tions of solute employed must be the smallest consistent 
with chemical analysis, m order that changes m them may 
be relatively large It was the widespread failure to recognize 
this which led to the supposition that significant chemical 
changes could not be produced in vitro by doses within the 
therapeutic range For the simplest case, i e , only one 
substance in solution, the activation theory would seem a 
reasonable interpretation of observed facts 

Dale has recently described some striking experiments in 
which an apparent loss of radiosensitivity occurs when 
enzymes are irradiated m the presence of various protein- 
and other substrates which share the available energy between 
them and thus “ screen ” the original solute (Dale, Meredith 
& Tweedie, 1943) This work on the protection of one 
solute by another is a valuable contribution to the inter- 
pretation of the chemical effects of radiation in vivo If the 
indirect-action theory is applicable under these conditions, 
then a new light may be thrown on the mechanism of action 
of radiations From the point of view of a solute, e g , an 
enzyme, its inactivation by energy-earners denved from 
molecules of aqueous solvent could be regarded as the target 
theory m reverse 1 The possibility of this mechanism 
operating in i no, if only under certain conditions of dilution, 
is a further caution against making any generalization 
prematurely 

Whether “ activated water ” is also connected with such 
physico-chemical effects as the precipitahon of positively 
charged colloids, viscosity changes, and change of electro- 
kinetic potentials remains to be seen (Crowther, Liebmann & 
Mills, 1936) It seems more likely that the physico-chemical 
effects are produced by simple ions (Allsopp, 1944) 


4 Biological Indicators 

From time to time investigators have sought for a simpler 
biological material with a more definite and convenient 
reaction than the skin erythema to serve as a biological 
dose-unit When the irradiated tissue is very small, such as 
the egg of an insect, and is suspended m am so that scattered 
radiation reaching it is at a minimum, the absorption of 
energy is uniform throughout the object irradiated and is 
directly proportional to the intensity of the radiation beam. 
For example, if a large number of Drosophila eggs is exposed 
to an x-ray beam of unknown intensity for 10 minutes and 
if, as a result, half the individuals fail to hatch, then 180 
rontgen units have been delivered at the rate of 18 r/mm 
(Packard, 1931) The constancy with which such quantitative 
experiments yield the same result is perhaps one of the most 
striking features of this type of investigation With 
Drosophila eggs the error is not more than 3 % (Packard, 
1936a , 1937), and this order of accuracy is obtained with 
other types of biological material under laboratory conditions 

A great variety of orgamsms has now been used as 
biological indicators of radiation-action by many observers, 
and each material has its advantages and its limitations 
The most important consideration is that the experimenter 
shall be familiar with the material chosen for experiment, and 
be able to distinguish with certainty the changes produced by 
radiation and those unconnected with it 

These indicators are of particular use where the biological 
effects of two different types of radiation, with no physical 
unit of measurement m common, are being compared, for 
example, a comparison of the biological effects of x rays and 
neutrons (Gray, Mottram, Read & Spear, 1940 , Spear, 
1944) If the biological response can be matched, then 
a useful comparison of the physical conditions of irradiation 
is obtained Biological indicators are also useful to establish 
the relationship between injury produced by radiaUon and 
other types of injury, e g , to determine whether the effects of 
two agents are additive, equal, unrelated, or whether one is 
capable of potentiating the other (Scott, 1933) The indica- 
tors should be small in size, easily available in large numbers 
at all tunes, they must show only a small and definite amount 
of normal variation, and the reaction to radiation must be 
sharp and easily measured (Holthusen & Braun, 1933) Some 
investigations may be simplified by usmg a response which 
is independent of the time factor Since radiosensitivity 
vanes enormously with stage of development, it is essential 
that the greatest care is taken to ensure constancy in age 
and temperature of the biological indicator selected 
(Scott, 1937) 

Among the matenals used m this way, the following may 
be mentioned, though not all conform to Holthusen’s 
specification for the ideal test-object Eggs of sea-urchin, 
Ascans, Drosophila, silkworm, grasshopper, frog and 
axolotl, viruses, bacteria, yeast, pollen grains, protozoa, 
vegetable root-tips and tissue cultures (Packard, 1927 , 
1935 , Henshaw & Francis, 1938 , Packard &. Exner, 1945) 
Germ-cells and somatic cells of higher animals, blood-cells, 
skin, and even whole animals have also served as indicators 
m special cases (Eker, 1937) 

Such material has been used for demonstrating the wide 
difference m sensitivity which exists among biological objects 
This is illustrated, for the lethal effect, m Table IL taken from 
data given by Packard (1936b) and by Crowther (1938) The 
reason for these great differences is quite unknown 
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TABLE II DOSE IN RONTGENS NECESSARY 
TO KILL S0% OF THE SAMPLES OF ORGAN- 
ISMS IRRADIATED OR TO REDUCE THEIR 
GROWTH TO HALF THAT OF CONTROLS 


Orfinum Dose m r 

Eggs of Calhphora 40 

— — Axolotl 50 

— — Drosophila 190 

— — Ascaris I 000 

Larva of Drosophila I 300 

Boot coli 5 100 

Mesotaenium 9 000 

Saccharomyces 42 000 

Imago of Drosophila 95 000 

B mcsentericus 200 000 

Colpidium colpoda 330 000 


TABLE III CHANGE IN BIOLOGICAL RESPONSE OF 
AVIAN FIBROBLASTS GROWN IN VITRO AND 
EXPOSED TO INCREASING DOSES OF RADIATION 


Ray 

I Intensity 

1 in r/m 

Duration 
in hours 

Dose in 
r 

Effect 

y 

81 5 

24 

1 17 000 

Immediate death of all 
cultures 

y 

81 5 

18 

108 000 

Death within 2 days of all 
cultures 

y 

81 5 

12 

58 600 

Death within 4 days of all 
cultures 

y 

81 5 

9 

54,000 

Death within 8 days of all 
cultures 

y 

33 

24 

48 000 

Death within 8 days of all 
cultures 

y 

81 5 

I 

6 

29,000 

Death within 10 days of all 
cultures 

y 

81 5 

4i 

22 000 

Death within 13 days of all 
cultures 

v 

81 5 

3 

14 600 

Death within 18 days some 
cultures recovered 

y \ 

! 33 

9 

18000 

Death within 18 days some 
cultures recovered 

X 1 

100 

1? 

10000 

75% degeneration peak at 
3 hours 

X 1 

100 


5000 

i 

60% degeneration peak at 
3 hours 

X 

100 


2 500 j 

50% degeneration , peak at 
3 hours 

x ; 

100 


1 000 | 

7% degeneration at 3 hours 
count rising 

X 

100 


500 1 
\ 

7% degeneration at 3 hours 
count rising 

X 

100 


100 

2% degeneration at 3 hours 
count rising 

7 

33 


33 

Reduction in mitosis no 
degeneration ultimate 

recovery 


[The 

x ray data are taken from Lasmtzki (1943)] 


Biological indicators ha\c also been extensivly used in 
studies of the effect of wavelength on biological response, 
in genetics (see below), and in testing the validity of various 
theories of action of radiation and the significance of altera- 
tions in the physical conditions of irradiation 
The results, though usually consistent for a given material, 
arc often at variance when the response of one material is 
compared with that of another Each result has to be 
considered by itself The contrast is most marked when the 
results of irradiating independent biological units, such as 
bacteria or msect-eggs, arc compared with those of an 
organized colony of cells which make up a body-tissue 
This is hardly surprising, since in the one case radiation acts 


on single units without any biological spread of effect to 
adjacent units, and in the other it acts upon cells capable of 
being further influenced by changes brought about in 
adjacent cells However nearly the radiosensitivity of 
the indicator approaches that of the body-cells (one of 
Holthusen’s stipulations for the ideal test object) it is unlikely 
to give the same information as would be obtained from 
direct observations on the body-cell This is the limitation 
which restricts the usefulness of most of the indicators listed 
above Tissue cultures constitute a special case, since the 
technique enables samples to be taken from the body (before 
or after radiation), and observations or experiments to be 
made under the relatively simple conditions of growth 
in vitro for direct comparison with changes seen m similar 
tissue in vivo after Similar irradiation treatment (Spear, 1935) 
An intermediate step is thus provided between the simplicity 
which is the essence of laboratory experiment, and the 
complexity of irradiation of organized tissues in vivo, which 
is a very useful guide in comparative investigations 

5 Genetic Effects of Radiation 

The demonstration by Muller (1927, 1928) and shortly 
after by Stadler (1928) that x rays could produce gene- 
mutations m Drosophila and barley excited geneticists 
throughout the world to take the keenest interest in this 
property of radiation , x rays immediately became their 
most important tool for producing mutations An extensive 
literature bears witness to the enthusiasm aroused by this 
discovery, which has opened up a new and large field of 
research (Cold Spring Harbor Symposia, 1941 , Fano & 
Demerec, 1944 , Catcheside, 1945 , Lea, 1946) The 
sterilizing effects of x rays were discovered nearly a generation 
earlier (Albers-Schonberg, 1903), and much fundamental work 
on the results of irradiating genetical material was completed 
before any observations on mutation-production by radiation 
diverted attention in this direction These early observations 
were somewhat restricted, and rarely extended to the offspring 
of irradiated organisms The effects of radiation were judged 
by abnormalities in development after irradiating sperm or 
ova, or by alterations in the chromosome-configuration of 
dividing cells It was later found that radiation may cause 
an abnormal distribution of hereditary material without 
change in its composition Then, as cytological technique 
advanced, it was realized that the alterations in the chromo- 
somes themselves were of at least two kinds (i) changes in 
the linear arrangement of the chromosome threads, resulting 
from single or double breakage and recombination in new 
alignments, with or without loss of chromosome fragments , 
and (h) changes in the composition of the unit hereditary 
particles or genes, without disturbance of their position on 
the chromosome thread (gene-mutation) 

Chromosome abnormality offers a very convenient method 
for making a quantitative measure of radiation effect The 
scoring of abnormalities is tedious, but can be made with 
fair accuracy Some breaks m the chromosome thread 
rejoin immediately, but for the rest, the injury, once made, 
is permanent, so that the result is not complicated by gradual 
recovery processes A great variety of structural change is 
seen after suitable radiation dosage, and this may be classified 
according to whether one or more chromosome has been 
involved and how the broken ends have reconnected (Lea & 
Catcheside, 1942 , 1945a) The material is almost ideal fo 
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statistical purposes, because the chromosomes act as targets 
which mark the hits by breaks in continuity of the thread 
which can be seen and counted The tangle in which the 
broken threads in some cases become involved may cause 
the breaking up of the cell, or the production of non-viable 
daughter-cells owing to the unequal distribution of the 
hereditary material In this respect chromosome abnor- 
malities are more detrimental than gene-mutations (which 
may not exert their effects for several generations) since they 
cause marked infertility in the first-generation offspring 

Structural changes in chromosomes are most easily 
imestigated in insects and plant-cells which have a small 
number of chromosomes of large size, and they are most 
easily recognized in the meta- and anaphase of division, at 
whatever point in the life-cycle of the cell the irradiation is 
given The practice of scoring abnormal anaphases as a 
measure of radiation effect (Marshak, 1937 , Marshak & 
Hudson, 1937) has the limitation, however, that cells 
irradiated in pre- or early mitotic stages may break down 
altogether m late prophase or early metaphase Such cells 
are therefore missed in the anaphase count 

The total number of breaks produced is proportional to 
the dose and independent of intensity , but neutrons are 
more efficient m producmg breaks than are jc rays (Lea 
& Catcheside, 1942 , Thoday, 1942 , Giles, 1943) These 
observations can be explamed on the hypothesis that a 
chromosome is broken by the passage through it of a single 
ionizing particle, but that it is necessary for the ionizing 
particle to be sufficiently densely ionizing for several 
ionizations to be produced within (or very near) the chromo- 
some A proton (from neutron irradiation) is sufficient , 
only the “ tail ” of a fast electron track gives a sufficient 
number of ionizations in the given volume On this 
hypothesis, x rays of long wavelength should be more 
effective than those of short wavelength, and this has been 
found to be the case with an optimum at 4A (Catcheside 
& Lea, 1943) Longer-wavelength x rays produce too short 
an electron track to span a chromosome, and so their 
efficiency is diminished. 

Changes in the composition of hereditary particles which 
lead to gene-mutations occur in germ cells of all types, but 
have been studied most extensively in the case of the fruit-fly, 
Drosophila (Muller, 1930 , Lea & Catcheside, 1945a , 1945b , 
Catcheside & Lea, 1945) A dose of 3,000 r of x rays produces 
a mutation-rate of about 12% This is about one hundred 
times the natural mutation-rate, but qualitatively is indis- 
tinguishable from spontaneously-occurring mutations The 
yield of radiation-produced mutations is proportional to 
dose, independent of intensity, and diminishes for equal 
doses of different radiations in the order jc rays, neutrons, 
alpha rays It is considered that a mutation in Drosophila is 
the result of a single ionization 

All cells are not equally susceptible to the mutational effects 
of radiation, and other factors, e g temperature, anaesthesia, 
state of nutrition, and degree of germination, affect the 
mutation-rate (Hanson & Heys, 1931) Most gene-mutations 
are recessive, i e , able to produce their characteristic effect 
only when paired with another mutated gene of the same kind 
Only a minority produce any conspicuous morphological 
abnormality Occasionally a change m the gene occurs 
which initiates new deielopmental processes (Muller, 1932) 
A mutation caused by one irradiation may be reversed by a 


subsequent exposure (Timofeeff-Ressovsky, 1932) This is 
exceptional, however, and in nearly every case the mutation- 
effect is exactly proportional to the amount of energy 
received, and exactly cumulative over an mdefimtely-long 
period even in successive generations It is unknown to what 
extent these observations are applicable to man 

Thus, radiation can be regarded as a useful tool m purely 
genetic investigations on such problems as the properties of 
genes and chromosomes, the size and number of genes and 
their mutational potentialities Investigations on the genetic 
effects of radiations provide valuable data on one of the ways 
in which biological material responds to radiation, but, as 
rightly emphasized by one of the foremost genetical investi- 
gators, “ Not all the effects of radiation m killing organisms 
or disturbing their development are referable to changes 
either of the class of gene-mutations or chromosome 
re-arrangements ” (Muller, 1939) 

6 Injurious and Lethal Effects of Radiation 

In previous sections some account has been given of the 
injuries caused to small organisms (biological indicators) and 
to particular organs within cells (chromosome effects) by 
penetrating radiations There still remains to be considered 
the largest field of enquiry within the domam of experimental 
radiology, namely, studies of the effects of radiation upon 
complex tissues both in health and disease and after 
experimental injury 

Innumerable observations have been made of the effects 
of radiation, under the greatest variety of physical conditions, 
upon embtyological development, the various systems of the 
body at different stages of growth, individual organs and on 
the body as a whole Such studies on the response of normal 
tissues to radiation are not only of interest and importance 
m themselves, but also because of the information they give 
concerning the amount of radiation that the healthy body or 
organ can tolerate Unless healthy tissue were able to tolerate 
a greater quantity of radiation energy than diseased tissue, 
penetrating rays would be of little use in radiotherapy 

In general, biological indicators show a response which 
is independent of the wavelength of radiation but dependent 
on the intensity, while the mutation-effect, though dependent 
on the wavelength, is independent of the intensity The 
biological effects now to be considered vary with alteration in 
both the intensity and the wavelength of the irradiation to 
which they are exposed 

Radiation affects any given cell of a complex tissue in at 
least two ways, first by a direct action on the cell, and 
secondly by injuring neighbouring tissues upon the health 
functioning of which the cell depends 

The term “ indirect effect of radiation ” convementlj 
describes all the effects of radiation except its direct action 
on the cell, but it has by custom come to be restricted to those 
effects produced as a result of injury to the blood-supply 
This quite arbitrary and rather unfortunate limitation of a 
useful term requires another to describe the consequences oi 
the action of radiation upon remote tissues and body-fluids 
For this the term “ constitutional effects of radiation ” is now 
reserved 

When blood-supply is restricted or inhibited by radiatioL 
the results are so conspicuous (Harvey, 1942) that it is not 
surprising, perhaps, that thev should at one time ha\e 
practically monopolized attention It has even been suggested 
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that all the radiation effects on a complex tissue are the 
results of the action on the circulation This view is easily 
refuted, however, by reducing the radiation dose below the 
level which affects the blood-supply, when the direct effects 
of the radiation can be seen, unmasked by injuries caused 
from lack of blood Alternatively, the role of the blood- 
supply can be demonstrated by irradiating embryos in ovo 
before and after the establishment of the circulation and 
comparing the results (Wilson, Hughes, Glucksmann & 
Spear, 1935) So long as the circulation is intact, recovery 
from the direct effects of exposure is hastened , when the 
blood-supply is compromised, the injurious results are 
additive 

The indirect effect of radiation upon embryonic tissue has 
been strikingly demonstrated by means of tissue-culture 
experiments (Strangeways & Fell, 1927) in which it was 
shown that the cells of a 6-day embryo, irradiated in ovo and 
explanted shortly afterwards, could be cultivated in vitro in 
an apparently healthy condition for days If the embryos 
were incubated in ovo for 21-25 hours after irradiation, 
however, they showed no trace of growth when explanted 
in vitro The cause of cell-death was shown to be due to the 
absence of gaseous exchange in the tissues of the chick when 
incubated in the shell, resultmg from the arrest of the blood- 
circulation shortly after irradiation 

The level to which the dose must be raised to affect the 
circulation is considerably above that which causes a direct 
effect upon tissue cells For the chick the doses differ by a 
factor of about 10 

Of the various body-systems, the blood-vessels and blood- 
forming tissue were among the first in which the direct 
effects of radiation were observed (Desjardins, 1930 , 
Rolleston, 1930 , Dunlap, 1942) These studies have recently 
been greatly extended by the use of radioactive substances, 
introduced into the body and selectively absorbed in the 
blood-forming tissues, in place of external radiation by 
gamma or x rays The range of sensitivity of these tissues 
is remarkable , less than 10 r of x radiation is required to 
affect the leucocytes of the blood, while a dose of 100,000 r 
has no demonstrable effect on the isolated (frog’s) heart 
(Scott, 1937 , Spear, 1945) 

Alteration m the blood-count m man is an early and con- 
venient warning of injurious exposure to radiation, but there 
is no agreed opinion as to where the danger line can be 
precisely marked (Russ, 1943) The lymphocytes show the 
more marked change in patients who have been irradiated, 
while the polymorphonuclear cells may be the first to show 
any change in blood-counts of the therapeutic staff Small 
doses of gamma rays spread over a long time may lead to a 
specific aplastic anaemia which is not seen after radiation 

Exposure to x or gamma rays has pronounced effects on 
the embryological development of all species of animals 
which have been investigated In general, sensitivity during 
development decreases as the age of an individual increases 
This, so far as the direct effect of radiation is concerned, is 
probably associated with, although not wholly explained by, 
cell-multiplication and growth-rate A determination of all 
the factors involved is one of the central problems of 
radiation (Hertwig, 1927 , Packard, 1931 , Henshaw, 1932, 
Henshaw, Henshaw & Francis, 1933) 

Some light is thrown on the problem by studying the 
inhibitory effect of radiations upon regeneration, which has 


demonstrated a differ ing susceptibility of different types of 
cells Or to put it another way — the potencies of specific 
types of cells play a significant part m determining the result 
of any given irradiation There is evidence that, under 
certain conditions of irradiation, the process of differentiation 
among embryological cells is promoted (Glucksmann & 
Tansley, 1936 , Tansley, Spear & Glucksmann, 1937), 
although sensitivity to radiation is lost as differentiation 
proceeds (Weigand, 1930, Curtis & Schulze, 1934) 

The response of the skm and its appendages to radiation 
has perhaps been more extensively studied than m any other 
system (Mitchell, 1938 , 1940 , Martin, 1940 , Quimby, 
1942) In these investigations the ultimate aim is often to 
discover ways and means of protecting the skin from injury, 
while permitting effective irradiation to reach the underlying 
tissues (Jolles, 1941 , Grynkraut & Sitkowski, 1936) 

Observations upon the direct effects of irradiation on the 
generative system of the male rat led to one of the earliest 
generalizations on the biological effects of radiations 
(Bergome & Tnbondeau, 1906), which emphasized the 
relative radiosensitivity of proliferating cells and the relative 
radioresistance of differentiated cells Subsequent observa- 
tions have shown that this applies to all species of animals 
investigated, though the dose-level at which mitotic activity 
is affected differs for different species 
While such comparative studies of radiation effects on 
different biological material have a considerable interest, 
perhaps more useful information is obtained by comparing 
the effects of gradually increased doses of radiation on the 
same type of tissue This is perhaps most easily seen when 
the data are arranged in tabular form (see Table III) A 
definite gradation in the results immediately becomes 
apparent, especially if the issue is uncomplicated by the 
intervention of any indirect effects 
The table shows that there is no single type of response 
which can with any justification be called the biological 
effect of radiation, but that at various dose levels a change 
in behaviour occurs m the irradiated cells At the highest 
dose-level the result is “ immediate ” death, presumably 
caused by a breakdown of the physico-chemical structure of 
cell-protoplasm , at lower dose-levels, however, death of 
cells results from different kinds of initial injury , at the 
threshold-dose for any observable change, complete recovery 
of the cell from the effect of radiation occurs These dose- 
levels are altered if the physical conditions of irradiation are 
changed Thus, there is a minimum amount of radiation 
energy required to produce any given type of biological 
response m organic tissue, which can only be determined by 
the method of trial and error 

7 Summary of Effects on Normal Tissue 

The biological effects of radiation upon normal tissue may 
be summed up as follows 

Radiations are always injurious to the cells which absorb 
them , the changes produced may be transitory (reversible 
effects) or permanent (irreversible effects), with an inter- 
mediate class of effect where the radiation-changes disappear 
completely but leave the tissue in a state of lowered resistance 
to further radiation (conditioned reversible effect) There 
is a latent period between irradiation and the recognition of 
the biological effect it produces (Ellinger, 1941) 

There is a tenthousandfold difference between the extremes 
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PLATE I SCHEME (AFTER GLUCKSMANN) ILLUSTRATING THE RELATIONSHIP BETWEEN CELL DIVIS’ON 
AND CELL DIFFERENTIATION IN DIFFERENT TYPES OF NORMAL TISSUE — c C = 







PLATE 2 


FIG 3 


FIG 4 


FIG 5 


GENETIC EFFECTS 

OF RADIATION (bmb 800 )—d g catcheside 

(a) 





Fig 3 Photomicrographs of chromosomes in Trades- 
c antw pollen grains that have been x rayed (a) A 
dicentric chromosome arisen by sister chromatid- 
union in a chromosome break, forms a bridge at 
anaphase joining the two polargroups of chromosomes 
(b) An acentric fi agment-chromosome lags at the 
equator of the spindle at anaphase (c) Asymmetrical 
chromatid interchange and a chromosome-break at 
metaphase 


Fig 4 Photomicrographs of chromosomes at meta 
phase blocked by colchicine in pollen tubes of 
Tradescantia ( a ) Chromosome break (i) with sister 
chromatid unions in both the centric and acentric 
fragments (b) Chromatid breaks, C 


Fig S Photomicrograph of part of the nucleus of a salivary-gland 
cell of Drosophila, showing an inversion-loop (lower left) The loop 
is produced by the intimate pairing of the parts of the inversion 
chromosome with the homologous parts of the normal chromosome 
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of sensitivitv among difTcrcnt types of living cells when 
measured b> the lethal effect (Scott, 1937) 

Radiation has a marked effect m interfering with cell- 
prohferation, and the dose which produces the first recog- 
nizable changes in cell-proliferation is always small relative 
to the direct lethal dose for the same tissue 

Dunng development, radiosensitivity decreases as the age 
of the individual increases, but the decrease is not necessarily 
progressiv e throughout dev elopment Scnsitiv it> to radiation 
is lost as differentiation proceeds , in certain circumstances 
radiation ma> promote the process of differentiation Apart 
from a direct lethal effect, cells may be so injured by radiation 
as to be incapable of successful division, and thus cither 
perish on attempting mitosis or produce non-viablc daughter- 
cells The degeneration which is linked with interference 
with mitosis can be distinguished from that resulting from 
the breakdown of the so-called resting cells (Spear &. 
GlQcksmann, 193S) 

8 Radiation and Mahgnancj 

Much of the experimental work on the biological effects 
of radiations has some relation to the radiotherapy of 
malignant disease The demonstration that radiation can 
cure a cancerous tumour raises the question of how this 
effect is brought about There is a tendency for the results 
of experiments in any one of the fields of experimental 
radiology which we have considered to be applied too 
exclusively- to the cancer problem For example, the effect 
of radiation upon a proliferating tissue is so striking that 
it has been suggested that malignant cells die mamly by 
degenerative mitosis (Lacassagne & Monod, 1922 , Nabias, 
1928) Although this has been disputed (Donaldson & Canti, 
1923 , Cheval & Dustin, 1931), the idea has been revived by 
recent genetical work which has attributed the death of the 
cancer cell to the effects of radiations on chromosomes 

There can be no doubt that very many irradiated cells 
die when mitosis is attempted after irradiation That this 
action of radiation is frequently due to direct hits on 
chromosomes seems also beyond dispute In the light of 
Dale’s work, however, there is now the further possibility 
that radiation may act also on dissolved enzymes ua the 
solvent-molecules, and where dosage is high enough to affect 
blood-supply, the destructive effect on malignant cells of 
damage to the circulation is obviously another important 
factor Objections can be raised against accepting any one 
of these explanations as the principal means by which radio- 
therapy achieves its success Thus, as regards the mitotic 
effect, the low percentage of dividing cells present at the time 
of any one irradiation leaves the majority of cancer cells in 
a tumour unaccounted for, and a high proportion of mitotic 
cells in a tumour is not m itself an indication of marked 
radiosensitivity A direct lethal action upon all tumour 
cells seems to be excluded (except where radiation is used as 
a cautery) in view of the high dosage required to produce such 
an effect under experimental conditions, while the suggestion 
that all therapeutic effects are the result of an indirect effect 
of radiation on the blood-circulation is against clear experi- 
mental evidence (Desjardins, 1932b) and has never received 
any substantial support 

The problem can be approached from another angle 
Instead of attributing the destruction of a tumour to a single 


radiation-effect, irradiated malignant tissue may be examined 
to sec how many types of action can be recognized, and an 
attempt can be made to assess the relative importance of 
each in the eradication of the growth If serial biopsies are 
taken from tumours during and after radiation treatment, 
it is possible to follow histologically the changes in cellular 
activity in a quantitative manner for each type of cell present 
(GlQcksmann, 1941 , GlQcksmann & Spear, 1945) Radio- 
sensitivity measured by rapidity of disappearance of the 
tumour soon after irradiation is by no means synonymous 
with radioctirability, that is permanence of radiation-effect 
(Cade, 1940) Thus, while much emphasis is often placed 
on the marked changes produced in anaplastic tumours by 
radiation, several observers have pointed out that the 
differentiating tumours, which seem clinically to respond to 
radiation more slowly, give on the whole a more satis- 
factory ultimate response (Dominici, 1909 , Alter, 1920 
Rcgaud, 1928 , Phillips 1931) These clinical results ma> 
be explained m the following way It is obvious that, if 
sterilization of all potential dividing tumour-cells could be 
achieved, their total destruction by radiation would be 
unnecessary, since the altered cells would gradually disappear 
in the normal course of events In a differentiating tumour 
many of the daughter-cells resulting from cell division become 
sterile because they differentiate, although abnormally 
In this connection, the fact that radiation can promote 
differentiation as well as injuring proliferating cells is of 
some significance (Fukase, 1930 , Finzi & Freund, 1943, 
Spear &. GlQcksmann 1941), since, with suitable types of 
malignant tumour, radiation may exert a curative action both 
by mitotic inhibition and by sterilization In the undifferen- 
tiated or anaplastic tumour, on the other hand, even a marked 
destruction of cells following a heavy dosage may lead to a 
recrudescence of the tumour from residual cells, incapable 
of sterilization by differentiation which have survived the 
radiation 

It must be recognized, however, that a tumour, capable of 
responding to radiation by an increase of differentiation may 
be adversely affected by excessive exposures which interfere 
with, instead of promoting, this process Over-irradiated 
normal tissues show an increase in cell division and a decrease 
in cell differentiation which has sometimes resulted in 
radiation carcinomata (Haagensen, 1931 , Laborde, 1931 , 
Ross, 1932) Such growths can, however, be treated b> 
further radiation if it is so delivered that proliferative 
tendencies of potential dividing cells are checked and the 
differentiation processes promoted (Williams, 1938) 

The conditions under which the inhibiting action of 
radiation on cell division are best achieved are beginning to 
be understood, and it remams to determine the best physical 
conditions for sterilizing cells by promoting differentiation 

In this connection the combination of radiation with 
chemotherapy would seem a profitable field for future 
research, as well as the effect of combining two or more 
different types of radiation m the treatment of a single 
tumour The problem needs to be attacked from many 
aspects — hormonal, genetical, chemical (including organizer- 
substances), physical, and nutritional — and upon its solution, 
in all probabihty, depends the next substantial advance in 
the treatment of malignancy 
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COMPARATIVE STUDIES OF THE 
BIOLOGICAL EFFECTS OF X RAYS, 
NEUTRONS AND OTHER IONIZING 
RADIATIONS 

L H GRAY, MA, PhD 

The Mount lemon Hospital, Northitood, Middlesex 
The immense literature dealing with the biological effects of 
ionizing radiations is dominated by experiments in which the 
radiation employed has been therapeutic x radiation, that is, 
radiation from tubes operated at voltages of between 80 and 
200 kilovolts This is not surprising, since the majority of 
the investigations have been undertaken with the object of 
obtaining information immediately applicable to therapeutic 
practice Of the remainder, the approach has more frequently 
been that of the biologist seeking to explore the effects of 
radiation on different organisms and on different aspects of 
cellular activity, than of the physicist attempting to trace one 
particular lesion — such as a mutation, the breaking of a 
chromosome, or the inhibition of mitosis — to the inter- 
action of the radiation with a particular set of atoms within 
the cell 

For the former purpose, the type of radiation employed 
appeared to be of little consequence, and either the gamma 
rays from radium or therapeutic x radiation were generally 
employed as most convenient. For the latter we need to 
employ a diversity of radiations, so that we may study the 
effects of changing m a known manner the distribution of 
the ions produced throughout the cell Within fairly recent 
times, comparative studies with different io nizin g radiations, 
such as gamma rays, x rays, neutrons and alpha particles, 
have led to the establishment of important and often remark- 
able facts, such as that the death of a cell may result from the 
generation within a certain small region of an amount of 
■energy which, if spread over the whole cell, would not raise 
its temperature by more than one hundred millionth of a 
degree Centigrade With the advent of the high-voltage 
.x-ray tube 1 , the betatron and the cyclotron, the study of the 

* [S« paper on Million volt therapy (BMS 807) by G S Innes in this 
number— E d] 
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influence of radiation-type or -quality upon biological 
response has assumed a practical importance, for with the 
help of these machines it is possib’e to generate almost any 
type of ionizing radiation under conditions which are suitable 
for the treatment of a deep-seated tumour 

Linear Ion Density, the Distinguishing Feature of an Ionizing 
Radiation, from the Biological Standpoint 

The discovery of radium followed quickly upon the 
discovery of x rays, and some of the earliest biological 
experiments with ionizing radiations were earned out with 
“ naked ” and “ screened ” radium As the screens used were 
of just sufficient thickness to absorb all the beta rays, the 
experiments were, in effect, comparative studies of the 
effects of the beta and alpha rays as they are generated by a 
small quantity of radium Striking differences were at once 
noticed 1 Hardy (1903) observed that an alkaline solution 
of serum globulin 0 e on the negative side of the isoelectnc 
point) was coagulated, and that an acid solution became 
clearer when exposed to naked radium When screens were 
introduced to absorb all the alpha rays, so that the drop of 
solution was exposed only to the beta rays, no effect was 
observed even after twenty times the exposure Chambers & 
Russ (1912) observed that erythrocytes were haemolysed 
when exposed to both alpha and beta rays, but not when the 
alpha rays were eliminated Colwell & Russ found that, 
when emulsions of bacteria were exposed to both alpha and 
beta rays, marked agglutination occurred before the lethal 
point was reached When the alpha rays were eliminated, 
there was no agglutination, although a lethal condition was 
reached 

A consideration of the physical differences which obtained 
in these experiments will serve to illustrate important points 
m the mtercompanson of io nizin g radiations in general The 
beta rays are electrons, that is, particles having tssts °f 
the mass of a hydrogen atom and carrying unit negative 
charge, while the alpha particles are hehum nuclei having 
4 times the mass of the hydrogen atom and carrying two 
positive charges Since it was the negatively-charged 
globulin molecules which were discharged in Hardy’s experi- 
ments, the effect was at first attributed to the neutralizing 
action of the positive charge caused by the alpha particles 

* A description of these early experiments is given by Colwell & Russ (192*») 
the literature to 1936 dealing with the biological effects of alpha partic^s was 
reviewed by Zirkle (T93e) 
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This how appears in the highest degree improbable’ All the 
chemical and biological effects so far studied are referable 
to the excitation and ionization of the molecules in the path 
of the ionizing particle, and it would be impossible to say of 
any individual excited or ionized molecule whether it had 
been produced by an electron or an alpha particle 
The essential difference between the two rays lies in the 
number and distribution m space of the ions and excited 
molecules which they produce In the second place, it is 
important to notice that while the beta and alpha particles 
emitted by naked radium are comparable in numbers, the 
beta rays have initially an average energy of about a million 
volts, which is gradually transfortned into ionization and 
excitation throughout a total path of several millimetres of 
water or tissue, whereas the 6 million volts initial energy of 
an alpha particle is dissipated in less than 1/20 mm Withm 
the 1/20 mm immediately surrounding the radium, the total 
number of ions formed by the alpha rays may therefore be 
several hundred times as great as that produced by the beta 
rays, and it is not surprising on this ground alone that the 
alpha rays appeared very much more effective 
We shall discuss in detail only experiments in which the 
total number of ions formed by the radiation per unit volume 
of tissue has been estimated with reasonable accuracy 4 
From such experiments we learn that biological effect is not 
in general uniquely determined by the total number of ions, 
but that it is also conditioned by the spatial distribution of 
these ions , the effect of a small number of particles, each 
producing a large number of ions, is not necessarily the same 
as that of a large number of particles, each producing few 


To take a concrete example, consider the effect of equai 
doses (25 rontgen) of beta radiation and alpha radiation or 
the meristematic cells in the root-tip of the broad bean. 
Via a J aba The total ionization produced in a nucleus 10 a 
in diameter is m each case 23,400 ions In the former, the 
total is made up of the contribution from 500 beta particles, 
each producing on an average 7 ions per micron of path 
In the latter, the whole ionization is produced by the transil 
ot a single alpha particle producing ions at the rate of 3 50C 
per micron i The beta radiation will produce an appreciable 
ehmmution in mitotic activity 3 hours after irradiation, but 
the cttect on the subsequent growth of the root will be 
scarcely detectable The alpha radiation has no detectable 
immediate effect on mitosis, but six days later the average 
growth-rate of the roots will be less than a third of its normal 

altogether * pr ° portlon of the roots Wl11 cease to grow 

The contrast between the effects of beta and alpha rays is 
sometimes striking, as m the example just given because 
hese two radiations he almost at the oJposiS extremes of 

regard t0 the densit >' the ionization 
along Bie tracks of the particles Even in this case, however 
the differences are quantitative and not qualitative A suffi- 
cently large dose of alpha radiation has an immediate effect 
^on mitosis, and a sufficiently large dose of beta radiation will 
kill the roots Radiations intermediate between beta rays 

Read A 

parbcjw were produced by neEatnelv-chareJrt “"8™ condition of the 

protons The two radiatrens chVcred^iilhc.r nurecn^ positively-charged 

(B&3^n U thTn n u , rn°be , r™ n,3dilCU5 “ dbyG 1 1“ another article 


and alpha rays are not always intermediate m the effectiveness 
of a given amount of ionization, since there may be an 
optimum linear ion density for any given biological effect 
which is not at either extreme, but m the cases so far studied 


ION DENSITY PRODUCED BY DIFFERENT 
IONIZING PARTICLES 


RADIATION 


MODE. OF GENERATION 


MEAN 

UNEAR 
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oensity 
( ions per 
— lCron 
tissue) 
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micron 
of tissue' 

Theoretical minimum ion density Tor any particle _ 6 3n 
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beta and gamma Natural and artificial rodtoetements ^ ° 


radiation 
Gamma 
radiat on 


X radiation — I 
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radiation 


Radium screened by ot least // 

OS mm platinum os used m radiotherapy ~ 

Supervoltage 7000 kV installation _ i5 

Deep Therapy 200 kV installation _ - - 80 
X'ray tubes operated at 30 ISO kV~~ 100 
Characteristic X rays 
Copper K (8 k V) - 


Cyclotrons 
_ operating jrt 
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Electron 
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radiation 


Natural disintegration of radon 3700 

Natural disintegration of polonium _ _ 4500 J 


_ Alpha 
particle 


Artificial disintegration of boron or 
lithium by stow neutrons 9000 


Atomic rays . 


. Uraruum fissure / 30 000 — I 


Atomic 
' parbefe 


As an ionizing particle slows down it produces 1 ons at an ever increasing rate 
until it has been brought nearly to rest The ion density therefore increases 
along the length of the track of any ionizing particle The figures quoted in the 
table are average values for all the particles generated by a given type of radiation 
It will be seen that this average value increases with decreasing voltage for each 
type of particle Thus very high voltage x rays give rise to the particles of lowest 
ion density, and high-energy neutron radiation is less densely ionizing than low 


it has almost always’ been found that there is & smooth and 
progressive variation of effectiveness with the density of the 
ionization along the track of the ionizing particle irrespective 
of whether the particle be an electron, a proton or an alpha 
particle 

The subject, therefore, admits of a great simplification, 
for in general it is not necessary to contrast the numerous 
types of radiation, but only to discuss the influence of the 
“ linear ion density ” on the total amount of ionization 
required to bring about a given biological effect Experi- 
mentally, also, this involves a simplification, since there are 
sometimes alternative ways of generating particles of a given 
ion density, as shown m the above fable 

Certain points of therapeutic interest emerge from a con- 
sideration of the data contained in this table It will be 
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observed that strongly-filtered radium gamma rays, the beta 
rays from radium, and both the beta rays and the x rays from 
a betatron operated at \oltages up to 30 million volts, are 
all bracketed at the le\el of 6-8 lons/micron Theoretically 
no charged particle can produce less than 6 lons/micron , 
moreover, the minimum is a flat one, nsing particularly 
slowly on the high-voltage side, as has been checked experi- 
mentally by the study of cosmic-ray particles While 
therefore, the betatron offers attractive possibilities from the 
standpoint of radiological technique there are no a prion 
grounds for expecting a marked difference in biological 
effectiveness between, say, 30 million volt x rays and heavily- 
filtered radium gamma rays 

A second point in the table, at which large changes in the 
conditions of generation result in little or no change m the 
ion density of the radiation produced, occurs m the range of 
x rays commonly used in radiotherapy From the biological 
standpoint, the quality of an x-rav beam may be specified 
by stating the average ion density of the secondary electrons 
to which it gives rise in the irradiated tissue Some of these 
electrons (photoelectrons) have the full energy of the x-ray 
quantum , others (recoil electrons) have only a fraction of 
this energy As the kilovoltage of the x-ray tube is increased, 
the energy of both types of electrons increases, but those 
having only a small fraction of the quantum energy become 
relatively more numerous, with the result that the mean 
energy of all the electrons of both types changes only very 
slowly Detailed calculation (Lea, 1946) shows that the 
average energy, and therefore the average ion density of the 
secondary electrons, is almost constant for all x-rav-quantum 
energies between 15 and 90 kV — le roughly for the radia- 
tions from x-ray tubes operated at all voltages between 30 
and 180 kV In consequence, it is not to be expected that 
a change ih x-ray quality within this range will be accom- 
panied by any appreciable change in the biological effect of 
a given total amount of ionization per unit volume of tissue 6 
The number of experimental invesUgations dealing with this 
point is legion, because the range of x-ray qualities m 


grounds for doubting the accuracy of the inference from 
ion-density considerations and it would be possible to point 
to a number of very careful investigations, outstanding 
among which are probably those of Packard (1927, 1936b) 
who studied the percentage-mortality among irradiated 
Drosophila eggs, which show particular biological effects to 
be independent of x-ray quality over this range to a high 
degree of accuracy It appears, indeed, almost in the light 
of a freakish prank of Nature that she should have tempted 
so many to investigate a region destined to bear so little fruit 

The Influence of Ion Densltj on Radiochemical "i leld 

Many substances are decomposed when exposed to an> 
of the ionizing radiations When the decomposition takes 
place in the gaseous phase, the number of molecules decom- 
posed is usually of the same order as the number of ions 
found by the radiation, and is roughly the same for beta 
rays (A= 10) and alpha rays (A= 3,500) 7 This is true of 
the decomposition of ammonia, nitrous oxide, and hydrogen 
iodide The decomposition of water-vapour, however 
appears to be exceptional in that the yield is very low with 
x rays Equality of yield with beta and alpha radiation has 
also been observed m the case of the synthesis of ammonia 
hydrogen bromide and ozone, and though there are no pub- 
lished data of this sort for neutrons or other radiations of 
intermediate ion density, it may be presumed that the yield 
will be completely independent of ion density in those cases 
in which it is the same for beta and alpha rays 

Chemical reactions in solution, and particularly in dilute 
aqueous solution, are of much greater interest from the 
biological standpoint The decomposition of water itself is 
notoriously controversial, even in regard to the experimental 
facts, and it is not possible to say with certainty whether the 
mtich higher yield generally found with alpha radiation than 
with x rays" is to be referred to differences m ion density or 
to extraneous circumstances, such as the presence or absence 
of dissolved oxygen 

The position, as far as the published findings are con- 


FIG I SEPARATION OF ION CLUSTERS IN RELATION TO THE SIZE OF A VIRUS PARTICLE 27 

IN DIAMETER 



question happens to be at the same time the most accessible 
and the most interesting m current radiotherapy As might 
be expected, these investigations do not all lead to the same 
conclusion It may be said, however, that there are no solid 


® This docs not necessarily imply of course that the biological effect of a 
given dose, measured in rontgens will be independent of x ray quality It is just 
in this region that the ratio of the ionization produced in tissue to the dose in 
rontgens may show a marked dependence on x ray quality 


cemed, is hardly less satisfactory with regard to dilute 
solutions, since there appears to be no reaction which has 

" The symbol A will be used throughout for the linear ion density ut the 
average number of ions formed per micron in water 

fi Duane & Scheuer (1913) (M/N = 1-06) Numberger (1934) (M/N = 0 78) 
Lannrn g & Lend (1938) (M/N = 0 87) M and N refer to the number of molecules 
decomposed and the number of ions formed respectively 

SRxsse (1929) and Fncke & Brownscome (1933) reported a negligible yield 
but Gunther &. Holtzappel (1939) found (M/N--1) 
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been studied at two different ion densities by the same author 
and the difficulties associated with these experiments are such 
that small differences in the yield obtained by different 
authors cannot be relied upon The evidence m the case of 
the decomposition of hydrogen bromide and hydrogen 
iodide, and the reduction of potassium permanganate, pomts 
to the absence of any dependence on ion density It seems 
fairly clear, on the other hand, that the difference between 
Stenstrom & Lohmann’s estimated yield (M/N = 0 1) for 
the decomposition of tyrosine by x rays and Numberger’s 
figure (M/N = 0 003) for alpha rays is evidence of a sharp 
fall in the proportion of molecules decomposed to ions 
formed by the radiation as the ion density increases from 50 
to 3,500 lons/micron Dale and Meredith, in collaboration 
with the writer, have recently examined carefully the inactiva- 
tion of dilute solutions of the enzyme carboxypeptidase by 
v rays and alpha rays The alpha-ray yield was found to be 
only about 1/20 of the .x-ray yield, indicating a sharp fall in 
efficiency of the radiation with increasing ion density It 
would appear that, in the case of the densely-ionizing alpha 
particles, a high proportion of the products resulting from 
the ionization of the water become ineffective before they 
reach the enzyme molecules awaiting inactivation More 
experiments of this kind are urgently needed to throw light 
on the mechanism by which such inactivations are brought 
about m dilute aqueous solutions, particularly in view of 
then- relevance to the biological studies The influence of 
ion density on the inactivation of enzyme systems under 
m vivo conditions also awaits investigation 

Ion Density in Relation to the Inactivation of Elementary 
Biological Units 

Perhaps the best-understood examples of ion-density 
dependence are m connection with the direct inactivation of 
elementary biological units, such as viruses and genes, by the 
ionization of their constituent atoms As separate articles 


formed in clusters of 1, 2 or more pans, the average number 
being 3 pairs, and rather accurate experiments would be 
necessary to be certain that the effect is invariably produced 
by a single ion-pair Whether this is so or not, it is clear 
that since each cluster contains an average of 3 ion-pairs, 
the distance apart of the clusters will be given by 3/A microns 
where A is the ion density of the radiation For gamma 
rays 3/A is about 300 m/i, for hard x rays 60 m /;, for soft 
x rays 20 m/x, and for alpha rays 0 85 m/x 11 
The diameters of the smaller viruses range from 15-50 m/x 
The relation between the size of the virus and the spacing of 
the ions is thus roughly that shown in Fig 1 for the four 
radiations mentioned Even allowing for unevenness m the 
spacing of the ion clusters, it is evident that only rarely will 
a single ionizing particle give rise to more than one ion cluster 
within a virus particle irradiated by gamma rays As long as 
this obtains, the chance that a cluster is formed within any 
given virus particle is just equal to the total number of 
clusters formed per unit volume of the medium multiplied 
by the volume of the virus, and therefore the mactivation- 
dose should be independent of ion density 
On the other hand, an alpha particle will produce many 
ion clusters within even the smallest virus particle or gene, 
so that, if one cluster suffices for inactivation, this radiation 
must necessarily be inefficient, and a large dose will be 
needed to produce a given degree of inactivation 
In Fig 2, the experimentally-determined efficiencies of a 
number of radiations m inactivating virus preparations are 
plotted against the mean distance between ion clusters for 
six virus particles, ranging in size from 16 to 64 m/x The 
theoretical variations for spheres of 15 and 50 m/x diameter 
are drawn m full It will be seen that, in accordance with 
expectation, the experimental values of the efficiency begin 
to show a dependence on ion density just at the point where 
the distance between clusters is comparable with the size of 
the particle 


FIG 2. RELATIVE EFFICIENCY OF IONIZING RADIATIONS FOR THE INACTIVATION OF VIRUSES 



Dlvneter* of 
virus particles 


• Tobacco Mosaic Virus 
Q Tobacco Necrosis Virus 
X Tomato Bushy Stunt 
A Dysentery Phage S 13 
+ Coll Phage C 36 
□ Staph Phage K 


(non-spherlcal) 
Diam 25 m/x 
Dlam 29 m/x 
Diam 16 m/x 
Dlam 42 m/x 
Diam 64 m/x 


Calculated Curves 


{ I for diam 15 m/x 
II for dlam 50 m/x 


The experimental points and the calculated curves 
are based on inactivation doses given by D E Lea In 
Actions of radiations on living cells (in press) 


of this senes are devoted to viruses 10 and genes, 11 a bnef 
reference will suffice 

The distinctive feature of the effects under consideration 
is that they are produced whenever an io nizin g particle leaves 
two or three ion-pairs anywhere within the unit It is possible 
that a single ion-pair suffices, but ion-pairs are, in fact, 

10 [See paper on The action of radiations on viruses and bactena ’ (BMB 
301) by D E. Lea in this number — Ed 1 

“ [See paper on Genetic effects of radiations ’ (BMB 800) byD G Catcheside 
m this number — Ed 1 


The relation between inactivation-dose and ion density 
thus provides a very useful approximate estimate of the size 
of the biological unit m cases where this unit may be inacti- 
vated by a single ion cluster It is mterestmg to note that, 
on the basis of such studies, Lea & Salaman (1942) put 


11 The millimicron (m/i) ~ 1/1,000 micron = 10- 6 mm 

11 The term efficiency of a radiation ' will be used throughout this article 
to mean a quantity inversely proportional to the total amount or ionization per 
umt volume of tissue required to produce a given biological effect. 
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forward the view, before an internal structure was demon- 
strated by electron micrographs, that \accima virus should 
be regarded as a single-celled organism containing a con- 
siderable number of discrete structural units analogous to 
genes 

The Structural Changes induced m Chromosomes bj Different 
Types of Ionizing Radiation 

The nature of the chromosome structural changes induced 
b> radiation is discussed in detail in another article " Many 
of these structural changes are known to be injurious and 
some to be lethal to the daughter-cells, and they arc produced 
by relatively low doses of radiation— m the materials studied, 
the doses employed have rarely exceeded 500 rontgens of 
x radiauon, or a tenth of this dose of alpha radiation There 
can be little doubt therefore that they play an important part 
in the response of many types of cell to radiation, including 
probably the response of normal and malignant tissue to 
x radiation m certain types of radiotherapeutic techniques 
(Roller, 1945) 

Before considering the influence of the type of radiation on 
the response of cells, organisms, and tissues, it will be con- 
venient to summarize the information regarding the chromo- 
some structural changes The production of a chromosome- 
break requires that a particle shall pass through (or in the 
immediate vicinity of) the chromosome, leaving an adequate 
number of ions within the chromosome The exact number 
of ions required probably vanes from one type of cell to 
another, and may well vary with the stage of development of 
any one cell Expenmentally it is found that high ion density 
radiations are more effective than low in breaking the pollen 
gram chromosomes of the plant Tradescantia at prophase 
(Fig 3), m fact it appears that only radiation which pro- 
duces at least 200 ions per micron of track has a high 
break-producing efficiency Since the diameter of the 
chromated thread at prophase is about 0 1/*, it is inferred 
that a break is only likely to follow when at least 20 ions 
are formed at one locus within the thread No other 
material has been analyzed for chromosome structural 
changes m such detail as Tradescantia, but a restricted analysis 
(Marshak, 1939 , 1942 , Marshak & Bradley, 1945) of the 
changes produced by x rays and neutrons in root-tips of the 
broad-bean, the pea, the tomato, three mouse-tumours — 
sarcoma 1 80, a mammary carcinoma, and a lymphosarcoma — 
and acarcmoma and lymphosarcoma of the rat, showed that for 
all these materials, more structural changes were produced by 
neutrons than by an equal dose of x rays, from which we may 
infer that m all these cases the conditions for break-production 
are of the same general type as those m Tradescantia There 
is some evidence, on the other hand, that in Drosophila 
sperm, a single ion cluster may suffice 

Since the ion density along an electron track exceeds 
200 lons/nucron only when its energy is less than 3 5 kV, not 
only is much of the ionization produced by the more energetic 
electrons generated by, say 200 kV x rays, wasted as regards 
chromosome-break production in Tradescantia and similar 
materials, but any one particle is unlikely to break two 
chromosomes separated by a distance greater than the range 
of a 3 5 kV electron, l e greater than 0 4 micron 

For this reason, structural changes arising from the inter- 
change of partners between two broken chromosomes almost 

14 [ Genetic effects of radiations by D G Catcheside {BMB 800)— Ed ] 


always involve the action of two separate electrons It follows 
that when the dose is delivered in a short time, the number of 
such configurations produced will increase as the square of 
the dose Furthermore, as the duration over which the total 
dose is spread is increased, fewer abnormal configurations 
will be produced because each individual break may reform 
the original chromosome, and the chance of this happening 
in preference to an interchange-formation increases with the 
interval between the production of the two breaks The 
same restriction docs not apply to the recoil protons generated 
by neutrons or to alpha particles which maintain the re- 
quired ion density over distances much greater than the 
diameter of the whole cell It thus comes about that in 
Tradescantia 

a Simple breaks produced at any time in the cell-cycle, 
and certain structural changes (the so-called “ isochromated 
breaks ”), arising from the breaking of two sister chromatids 
lying almost m contact at prophase, increase in proportion 
to dose, and are independent of the duration of exposure for 
all radiations The number produced by a given dose 
increases with ion density 

b Structural changes involving two chromosomes, other 
than the lsochromatid breaks referred to m a, increase in 
proportion to the square of the dose when the exposure-time 
is constant, and decrease with increasing duration of exposure 
for all types of x radiation , they increase in proportion to 
the dose and are independent of the duration of exposure 
(except m so far as this affects the state of development of the 
cells irradiated) for neutrons and alpha particles The more- 
densely-ionizing radiations produce more structural changes 
of this type per unit dose than x rays when the dose is small 
and fewer when it is large 

It is interesUng to note that we have here an exception 
to the general rule that from the biological stand- 
point a radiation may be characterized by its ion density 
Very soft x rays, on account of the limited range of the 
secondary electrons, do not exactly parallel neutrons, even 
when the ionizing particles generated by these two radiations 
have the same average ion density as was demonstrated 
expenmentally by Catcheside & Lea (1943) 

c The ratio of the number of certain types of structural 
change produced by x rays to the number produced by an 
equal dose of neutrons vanes with the stage of development 
of the cell at the time of irradiation 

Comparative Studies with Other Biological Material 
Lethal Effect on Drosophila Eggs 

Many expenments have been made to determine the propor- 
tion of fertilized eggs which hatch after receiving varying 
doses of radiation The eggs are usually irradiated at about 
2 hours after laying, when about 8 mitotic cycles have been 
completed and the egg contains above a hundred nuclei. The 
careful observation of Packard (1927) showed that a given 
dose produced the same degree of mortality whatever the 
quality of the radiation within the x-ray therapeutic range, 
but this, as we have seen, throws little light on the question 
of a possible dependence of the efficiency of the radiation on 
ion density Packard (1927), Henshaw & Francis (1936), and 
others, extended the investigations to supervoltage x rays and 
gamma rays It appeared at first that a rather larger dose of 
radiation was needed to produce a given mortality, but the 
measurements were earned out at a time when some uncer 
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tainty on the physical side was attached to measurements of 
gamma-ray dose (Neary, 1946) Packard (1932) extended the 
measurements m the other direction down to 8 kV x rays, and 
concludes that between 8 kV and 1,000 kV the mortality is 
independent of x-ray quality The corresponding range of 
ion densities is from 150 ions/^to 15 ions//* 

The effects of 200 kVx rays and neutrons (A -- 400 ions/) 
were compared by Zirkle & Lampe (1938) The mortality- 
curve, as a function of dose, for neutrons had the same shape 
as that for x rays, so that the relative effects of the two radia- 
tions could be expressed by a single figure which was 0 8 for 
eggs l\ hours old, 1 2 for eggs 4| hours old, and 1 1 for eggs 
6 hours old It is doubtful whether the variation with age is 
significant, and we conclude that neutrons and x rays are 
roughly equally efficient, i e that the effect is independent of 
ion density up to 400 ions In 

As was mentioned earlier, there is evidence that, under the 
conditions prevailing m the sperm, the chromosomes of 
Drosophila may be broken by an ionizing particle which 
leaves only one or two ion clusters within the chromosome- 
thread If the same is true of the chromosomes in the egg, 
then the fact that the mortality does not depend on ion 
density over the range investigated wouldnot exclude chromo- 
some structural changes as a possible origin of the lethal 
effect of the radiation It would be of great interest to 
investigate the effect of a further tenfold increase m ion 
density by the use of alpha radiation 

Lethal and Sub-lethal Effects on Root-tips, particularly of 
Vicia faba 

The menstematic cells in the shoot and root-tips of 
organisms are very sensitive to radiation, and the damage 
caused by 200 to 1,000 rontgen of x radiation will lead to the 
death of a vanety of roots In passing from gamma radiation 
(A = 11 ions//*) to x radiation (A = 80 ions//x), the efficiency 
of the radiation has generally been found to increase by 
about 50% 

Zirkle & Lampe (1938) compared the inhibition of 
growth o^ both the shoot and root of wheat-seedlings, when 


irradiated by neutrons, for which A = 400 ions//*, with that 
produced by x rays (A = 80 ions /p) The neutron radiation 
was about 3 times as efficient as the x radiation, making a 
total increase in efficiency of 4 5 as the ion density is raised 
from 1 1 to 400 ions//* Very similar results were obtained by 
Gray, Read & Mottram (1939), who investigated the lethal 
effect of gamma rays, x rays, neutrons, and alpha particles 
on the roots of Vicia faba Their results are shown in Fig 3 
The wheat-seedling results fall almost on the same curve 

The primary injury is evidently very sensitive to 
changes in ion density over the range 100-1,000 lons/micron 
This is just the region of ion density m which, as we have 
already seen, there is a rapid increase m the efficiency of 
ionizing particles m breaking the chromosomes of a vanety 
of materials including Vicia Jaba Experimental data for 
two types of chromosome-break observed m Tradescantia 
pollen are also shown m Fig 3, since corresponding data for 
Vicia faba are not yet available The trend of one of the 
curves is similar, suggesting that the inhibition of growth may 
anse from chromosome structural changes produced m the 
menstematic cells 

This hypothesis has been tested m a variety of ways, one 
of which is of special interest from the point of view of ion- 
density studies (Gray & Scholes, unpublished) It will be 
recalled that, whereas some types of structural change require 
the joint action of two ionizing particles when produced by 
x rays, and therefore increase as the square of the dose and 
decrease with duration of exposure, all types produced by 
alpha particles increase in direct proportion to the dose and 
are independent of duration of exposure Methods have been 
evolved of estimating the proportion of cells in the root-tip 
which are injured by exposure to lethal and sub-lethal doses 
of radiation, and it has been found that this proportion does, 
in fact, increase linearly with dose in the case of alpha radia- 
tion, and is not diminished by prolonging the exposure-time 
even up to 24 hours, while with x rays the proportion increases 
more rapidly than the first power of the dose, and in the case 
of the larger doses falls markedly as the exposure-time is 
increased from a few minutes to 4 hours This inter-relation 
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between the influence of ion densitx and duration of exposure 
is Iikelx to be found also when the effects of neutrons and 
.T ravs arc compared It is interesting to note (Fig 3) that 
the curve for the temporary inhibition of mitosis in J iciafaha 
follows an cntirclx different course, showing tint m this 
material certain disturbances in the mitotic function must be 
traced to a different pnmarx mjurx from that which leads 
ultimately to the death of the root 

Arina] Embryonic Tissue and Turrour-Tissuc 

The immediate effects of a vanct\ of radiations, from 
heaxilx -filtered gamma raxs to neutrons, on the mitotic 
actixitx of chick-embryo fibroblasts cultured in utro ha\c 
been the subject of mans investigations starting with those of 
Strangewavs, and continued mainfv bx Spear and his 
collaborators (Canti & Spear 1927 Grax, Mottram 
Read <5L Spear, 1940 , Lasnitzki Lea 1940) Spear <S. 
Gnmmctt (1937) found a marked influence of the hardness of 
the gamma ravs employed xxhich if real xxould indicate an 
unusuaffx rapid increase of efficiency xxath ion density m the 
region of 10 ions micron, since the extreme xanation of ion 
densitx m their c-xpcnmcnts could only haxe been about 30% 
The efficiency continues to increase xxath ion densitx but more 
slow lx until the x-ray region is reached (A = 80 ions 'micron) 
after xxhich there is little if anx further increase up to 
1,000 lons/micron 

In its general features the course of the curve therefore 
closelx resembles that for the inhibition of mitosis m root- 
tips, but no data are available to show xxhethcr the curxc 
falls at ion densities aboxc 1,000 lons'p, as is the case with 
Ticia faba (Fig. 3) 

Many experiments by the Strangcwavs Laboratory team 
haxe shown that the effect of radiation on mitosis is essen- 
tially the same under in wvo as under in utro conditions 
In particular, Spear & Tansley (1944) found that, as in the 
tissue-culture experiments xxith chick-embryo fibroblasts, the 
immediate effect of neutrons on the mitotic activity of the 
developing rat-retina xxas approximately the same as that of 
an equal dose of x radiation There are certain differences 
in the subsequent return of mitotic activity, but these may be 
bound up with the markedly greater efficiency of neutrons 
in causing cell-degenerauon 

Not only xvas much more cell-degeneration produced in the 
rat-retina by neutrons than by an equal dose of gamma radi- 
ation, but the degenerate cells appeared much earlier This 
may indicate that cell-degeneration follows a different course 
according to the radiation which causes the primary injury 

The effects of various radiations have been compared m 
regard to their ability to injure tumour-tissue by irradiation 
w utro m such a way that it does not “ take ” xvhen inoculated 
into test-animals It appears to be established, particularly 
by the careful experiments of Sugiura (1939), xxorking xvith 
mouse-tumours, that x radiation is about 50% more effective 
than gamma radiation The experiments x\ ere extended 15 to 
neutron radiation of ion density about 300 lons/p The 
relative efficiencies of neutrons and x rays, as tested on a 
lymphosarcoma, a lymphoma, and a carcinoma of the mouse, 
were 3, 2 3, and 2 4 respectixely When these data are taken 
m conjunction with Sugiura’s, we find that the ion-density 
curve (Fig. 3) follows closelv die course of the curve for the 
lethal effect on root-tips Experiments at higher ion densitx 
are much needed 

u For a rovrtw of Ihis work see Aebersold & Lawrence (1942) 


Gny, Mottram <S. Read (unpublished) earned out in \ ho 
irradiations of inoculated mouse-tumours, using neutron and 
gamma radiation The neutron radiation appeared to be 
some 15 times as efficient as gamma radiation In com- 
paring this result xxith the m utro studies already mentioned 
xx c haxe to note first that the neutron ion densities xvere much 
higher in the in u\o experiments (A = 1,100 ions//*), and, 
secondly, that the influence of ion density and duration of 
exposure may be interconnected The gamma ray and 
neutron exposures were of equal duration (3 hours), but the 
time may haxe been such that the effect of the gamma radia- 
tion, but not of the neutron radiation, was thereby diminished 
compared with a very short exposure 

Mouse tumour tissue has also been irradiated by the xery- 
dcnsely ionizing particles resulting from the disintegration 
of boron or lithium by slow neutrons Very great technical 
difficulties xx ere encountered in obtaining quantitative results 
in the in u\n experiments An effect of the disintegration- 
particles was clearly demonstrated in the in utro experiments 
(Kruger, 1940), though it xvas not possible to estimate their 
cfficiencv rclatixe to other ionizing radiations 

Neutron Therapy 

In 1942, Stone &. Larkin reported upon 92 patients suffering 
from malignant disease who had been treated by neutrons 
With regard to the clinical results, it is best to quote Stone’s 
(1944) xicxxs 

* It is difficult in discussion of effects of a method of treatment 
tried almost entirely on patients with far advanced cancer to 
convex any adequate idea of what actually takes place during 
the course of treatment While the survival statistics presented 
and the autopsy findings reported appear discouraging, the 
general impression of one watching the patients being treated is 
that marked tumour regressions are being produced even when 
they were not expected In many instances, large metastatic 
nodal involvements disappeared, showing a remarkable effect 
of the neutron rays on the tumours The patients as a whole did 
not react so well, either because the tumour had spread beyond 
the treated regions and was not controllable for that reason, or 
because a debilitating ulcer remained at the site of the primary 
In many instances biopsies from the edges of persisting ulcers 
did not show evidence of cancer, but because of either the 
extensive destruction caused by the cancer or the irreparable 
damage caused by the neutron rays, normal tissues would not 
react in such a way as to bring about the healing of the ulcer ” 

Skin-reactions to neutron radiation followed the same 
general course as after x radiation Considerably smaller 
doses of neutron radiation were needed to produce a given 
degree of skin reaction, and one may say roughly that the 
efficiency of neutrons m this respect appears about 2 5 times 
as great as x rays It is important to emphasize, however, 
that, as m x-ray therapy, the total dose was delivered m a 
large number of fractions spread oxer about 3 weeks, and 
until the influence of fractionation on the effects of both 
types of radiation has been fully investigated, a figure repre- 
senting their apparent relative effectiveness gives little guide 
as to the nature of the processes mvolved (Gray, 1944) 

It is at least clear, however, that both skin response and 
tumour response belong to the class of reactions in which, 
proceeding from gamma rays to neutrons, the effectiveness 
increases with increasing ion density It has been pointed 
out (Gray & Read, 1943) that insofar as more favourable 
tumour response has been obtained with neutrons than with 
x rays, this may be taken to indicate that the curve (Fig 3) 
for tumour response is rising more rapidly than that for skin- 
damage A further improvement might therefore be expected 
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by the use of less energetic (greater ion density) neutrons, and 
advantage might be taken of the fall m the average energy 
of a neutron beam on passing into the body to increase the 
damage to the tumour relative to that to the skin 
Such an advantage, however, falls into the same class as 
the technical improvement offered by the increased depth- 
dose obtained with high-voltage x-ray tubes" and betatrons 
At best, they enable the therapist to deliver any desired dose 
of radiation to a mass of tissue which completely envelops all 
the malignant cells There remains the problem of dis- 


ISee paper on Million volt therapy'* (BMP 807) by G S Innw, in this 
number — Ed J 
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GENETIC EFFECTS OF RADIATIONS 
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Lecturer m Botany, University of Cambridge, and Fellow of Trinity College 

Genetics is concerned with the mechanism of heredity, 
with the reasons why offspring resemble their parents and 
in some cases differ from them The characters of the human 
body, or of any other organism, are controlled by genes 
present in every cell The genes are passed from parent 
to offspring m the gametes They are situated in and 
largely, if not wholly, constitute the chromosomes, of which 
there is a fixed number in a given kind of organism The 
gametes contain a haploid 1 set (n), the zygote and body-cells 
a diploid set (2n) of chromosomes Thus each chromosome 
or homologue is represented once m the gamete and twice 
in a body-cell 

Each gene occupies a fixed position (locus) in its particular 
chromosome of the haploid set The gene present at a given 
locus may not always be exactly the same one, but may be 
replaced by a slightly different one, called an allelomorph 

'Gr uitXiSoj, simple 


criminating between two adjacent cells m such a manner as 
to destroy either the malignant character of the tumour-cell 
or the cell itself, without destroying all its healthy neighbours 
Such discriminations must be based ultimately on <> 
biological difference between the two cells Differences in 
metabolism, chromosome structure, and rate of develop 
ment, are known to exist, and these differences, as we have 
seen, profoundly affect the manner in which the various 
functions of a cell are influenced by radiations of differing 
ion density It would seem that a fuller investigation of these 
differences may reveal improved methods of obtaining the 
desired discrimination 
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(or alleJ) Thus, at a particular genetic locus in two homo- 
logous chromosomes, a given body-cell may possess the same 
allelomorphic gene and be homozygous, or may possess two 
different allelomorphs and be heterozygous The number of 
allelomorphs of a given gene is not limited Thus 4 allelo- 
morphs controlling the AB blood-group series are recognized 
m man, about 20 allelomorphs of the iv (white eye) senes in 
the fruit-fly Drosophila melanogaster, and between 40 and 50 
allelomorphs of the gene concerned with incompatibility- 
reactions of pollen-grams to style in certain self-stenle 
flowering plants However, m a normal diploid organism 
no more than 2 allelomorphs of a gene may be present 
together in the same individual Moreover, each of the 
gametes produced by a given individual will contain only one 
allelomorph and, where the individual is heterozygous, half 
its gametes will possess one allelomorph and half the other 
For example, the rare nervous disease Huntington’s chorea is 
transmitted, on the average, to half the affected person’s 
children The particular genes of the affected persons may 
be symbolized as H for the abnormal gene responsible for the 
manifestation of the disease and h for its normal allelomorph 
The affected person would be Hh and his (or her) gametes 
half H and half h Since the disease is so rare, the spouse 
would normally be hh and the children therefore, on an 
average, half Hh (capable of developing the disease) and the 
other half hh (normal) 
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The gene (H) for Huntington’s chorea is usually spoken of 
as being dominant to the normal gene (/t) which is recessive 
In fact, the term dominant implies that there is no difference 
m the appearance (phenotype) of HH and Hh individuals 
In man this particular information is lacking, so the use of 
the term “ dominant ’ in this connection is convenient rather 
than correct. Probably a majority of genes producing 
abnormalities in man are stnctly recessive, the homozygous 
and hetcrozjgous normals being alike, or che intermediate 
in their dominance, the heterozvgous being more like the 
homozygous normals than the homozvgous abnormals 
which may be verv extreme m their character 
Gene-segregation is orderly and dependent upon the regular 
pairing together and separation of the chromosomes at 
meiosis This precedes gamete-formation and is constituted 
by two special nuclear divisions, in the course of which the 
number of chromosomes contributed to the daughter nuclei 
becomes half that m the parent nucleus The orderliness is 
such that each daughter nucleus receives one each of the 
n different homologous chromosomes Moreover, in any 
particular gamete a given homologuc may be compounded of 
complementary parts of the two homologucs present in the 
parent Thus a parent which in one of a pair of homologous 
chromosomes has the genes ABcdeFgH and tn the 
other the genes abCdEfgh, may produce gametes which 
possess for example ABcdEfgh or abCdEFgH as 
w-ell as chromosomes like one or other parental homologue 
This orderly rearrangement comes about by crossing over 
dunng meiosis, the relative frequency of rearrangement 
occurring between two particular genes being a measure, 
technically known as the linkage value, of their distance 
apart on the chromosome All the genes or loci present in 
one chromosome together constitute one linkage-group, 
the number of possible groups in an organism being equal 
to the haploid number of chromosomes For a further 
account of genetics particularly m relation to man the reader 
is referred to Ford (1942) 

Stability of Chromosomes and Genes 
Apart from the process of crossing over, whereby the 
chromosomes may recombine their differences, the chromo- 
somes are highly stable structures However, changes do 
occur very rarely, resulting m alterations in the linear order 
of the genes within one chromosome or linkage-group, or 
exchange of blocks of genes between two non-homologous 
chromosomes or linkage-groups The frequency of these 
structural changes, spontaneously very rare, is greatly 
increased by various radiations Similarly the genes them- 
selves also possess a high degree of stability They have a 
capacity of self-reproduction which is one of the most impor- 
tant characteristics of living matter All the evidence indicates 
that they reproduce exactly, and that, if any change occurs 
within one of them, the gene reproduces in its changed form 
Changes in genes do occur spontaneously, but usually 
the frequency of such mutations is very small The normal 
frequency is of the order of one change per million genes 
per nuclear division cycle, and may be smaller even than this 
for a great many genes A few genes are highly mutable, 
with a rate of about one per thousand or ten thousand genes 
per nuclear cycle (Demerec, 1935) There is, however, no 
indication that they are fundamentally different from the 
stable genes, and probably there is no discontinuous range 
in mutation-frequency 


The stability is very little affected by ordinary environ- 
mental fluctuations, temperature being the most potent of 
such influences A 10° C. nse in temperature will increase 
the rate of mutation about five times (Timofeeff-Ressovsky, 
Zimmer <£. DclbrQck, 1935) Thus the principal hereditary 
material, the chromosomes and genes of which they are 
constituted, is distinguished by a remarkable stability of 
minute structure, both as regards the constituent particles, 
the genes, and the way in which these are ordered and bound 
together to form chromosomes 
The significant genetic effects of radiations are that gene- 
mutations and chromosome structural changes become much 
more frequent under their influence The order of increase 
over spontaneous changes is a hundredfold for quite moderate 
doses of x rays The chief biological interest lies in the 
possibilities of studying the nature of the mutation-process 
and, by extension, of the gene itself, and also of the manner 

FIG I 



Dose On I 000 ronteen) 

Relation of frequency of dominant lethals produced in 
sperm to dose of x rays employed A = percentage of eggs 
hatching , B = percentage of eggs producing adult flies C = sex 
ratio In each case the logarithm of the frequency is plotted 
against dose , points experimental 

Reproduced from Cetdieside & Lei (1 W5) by kind permission of the Editor cf the 
jjtrmaf of Genetics. 
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in which the genes are tied together to form chromosomes 
With the help of jadiations, experiments can be carried out 
which, if dependent on spontaneous mutation alone, would 
be almost impossible 

Medically, the importance lies firstly in the fact that most 
mutations are recessive and deleterious and therefore that 
deep radiotherapy may run the risk of producing mutations 
in the gonads The mutations may be transmitted to the 
treated person’s children and spread undetected in the 
population m which, generations later, homozygous defective 
individuals may arise The genetic change is immediate but 
the physiological consequences are delayed Secondly many 
kinds of induced chromosome structural change are lethal 
to all cells in which they are produced, and it is this property, 
among others, of radiations that renders them effective m 
killing unwanted tissues such as cancers 
Apart from radiations, only a few agents have been 
found capable of greatly enhancing mutation-rates The 
most effective are certain synthetic chemicals, the naturally- 
occurring mustard oil, allyl isothiocyanate (Auerbach & 
Robson, 1944) and antibodies (Emerson, 1944) 

Most researches on the genetic effects of radiations have 
been confined to a few organisms that are technically favour- 
able from the point of view of ease in handling the large 
numbers Pf individuals needed in controlled experiments 
The principal ones are the fly Drosophila melanogaster, 
maize, and some fungi such as Neurospora, together with the 
flowering plant Tradescantia for chromosome studies 

Radiation-induced Mutation in Drosophila 
When adult male flies axe exposed to radiations and subse- 
quently mated to untreated virgin females, a proportion of 
the eggs laid fail to hatch although they have been fertilized 
The premature death of the individual is ascribed to the 
induction of a dominant lethal mutation m the sperm The 
existence of such mutations was first proved by Muller (1927), 
who showed that their “number was so great that through egg 
counts and effects on the sex-ratio evidence could be obtained 
of them en masse At moderate doses (Catcheside & Lea, 
1945 , Demerec & Fano, 1944) the graph relating the 
logarithm of the percentage of eggs reaching the larval or 
adult stages to the dose is a linear one Above 4,000 r the 
gradient becomes steeper, suggesting that a mixture of 
“ single-hit” and “ multiple-hit ” effects contributes to the 
total yield of dominant lethals The predominant contri- 
bution, particularly m the lower dose-range, is smgle-hit, 
and dominant lethals involving more than one hit, and so 
increasing more rapidly than the first power of the dose 
become important only at higher doses (Fig 1, A) 

The occurrence of dominant lethals is expressed also m 
the sex-ratio, le, the proportion of females relative to 
males hatching from a batch of eggs As the *-ray dose 
increases, the sex ratio declines (Fig 1, B), owing to the extra 
probability of a dominant lethal being induced in an 
X-chromosome-bearing sperm as compared with a Y-chromo- 
some-beanng sperm exposed to the same dose The female- 
producing X-chromosome is a little larger than the male- 
producing Y-chromosome, and so presents a larger target 
m which the dominant lethals may be induced 
Discussion of the nature of the dominant lethals is 
deferred, except to indicate that the change in the hereditary 
material does not produce an immediate effect Eggs which 
fail to hatch are found to have undergone a number of 


nuclear divisions before breakdown occurs fSonnenbbck 
1940) 

Amongst the viable offspring of treated male flies, a 
number carry mutations The great majority of these are 
recessive and so do not produce any visible effect imme 
diately, since they are heterozygous Special measures have 
to be taken to obtain individuals homozygous for such 
mutations The simplest are those for detection of mutations 
m the X-chromosome, a sex chromosome that is present 
twice m the female flies and once only in the males It crosses 
and re-crosses in heredity in a regular fashion from father 
to daughter and mother to son Thus, males will be hemi 
zygous for genes in the X-chromosome, and so will manifest 
them 

Treated male parents are mated to Cl B females (Muller 
1928), one of whose X-chromosomes carries a cross over 
suppressor (C, actually an inversion), a recessive lethal (/) 
and a dominant marker-gene (B, Bar-eye, which is narrower 
than the normal round eye) Amongst the offspring, females 
with a Bar-eye are chosen and mated individually with any 
suitable males, preferably with their X-chromosomes suitably 
marked with recessive genes Any one of these F, females 
will have a treated X-chromosome from her father and a 
Cl B chromosome from her mother The C IB chromosome 
will be lethal to male offspring carrying it, so all male 
offspring of Fi females will carry only treated X-chromosomes 
from their grandfathers Inspection of these males will 
disclose genes having a visible effect, though their detection 
will depend on the skill and experience of the observer 
On the other hand, if a recessive mutation is lethal, the 
culture containing it will be marked by a complete lack of 
male offspring Such sex-linked lethals are produced by 
radiations about ten times as frequently as visible mutations 
They provide an objective criterion for quantitative work, 
and have been widely used m experimental studies on 
mutation-rates The recessive lethals, of course, represent 
mutations at a large number of different loci and the 
grouping together of such a heterogeneous group is 
justified mainly by the convenience of their frequency 

When viable recessive mutations are to be studied, the 
attached-X method may be adopted In this case the treated 
male is mated to an attached-X female, whose two X-chromo 
somes are joined together and so are segregated together at 
gamete formation Her eggs will be of two kinds, one with 
two X-chromosomes, and therefore female-producing, and 
the other without any X-chromosome The latter, with an 
X-beanng sperm from the irradiated father, will produce a 
male m which any visible mutation in the treated X-chromo 
some could be detected 

These techniques, and others like them, are simple but 
enormously laborious, since the mutation-rates involved are 
small even for fairly large doses of x rays Nevertheless, 
many facts about the mutation process are well established 
In the first place the mutations induced by radiations do no 
differ qualitatively from those occurring spontaneously In 
both cases, too, the mutation-rate differs from one locus o 
another and from one allelomorph to another at the same 
locus (Timofdeff-Ressovsky, 1932 , 1933) It can be con- 
cluded that the genes differ among themselves in stabili y, 
the less stable ones undergomg the more frequent mutation 
An important point to note is that the radiation canno 
determine what particular mutation is produced Which gen 
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is activated and what allelomorph is finally formed is a matter 
of chance The former depends upon the chance of the target, 
the gene, being hit, and the latter upon the innate charac- 
teristics of the individual locus, in particular, apparently 
upon the relative stabilities of the different allelomorphs 
(Schultz, 1936) 

Further, a given gene A mav be changed to the allelomorph 
a, and the latter on being irradiated changed back to A 
Such back-mutations, demonstrated first by Timofecff- 
Ressovsk} (1929, 1930), arc important in showing that what- 
ever change is involved in the conversion of A to a cannot 
be a loss that may not be restored with relative ease 
The quantitative relationship between the mutation rate 
and the radiation-dosage, -intensity, -wavelength, etc, has 
been determined satisfactorily only for the group of recessive 
sex-linked lethals, though sufficient has been done with 
visible recessive mutations and with mutation in other 
organisms to suggest that the results arc characteristic 
First of all, however, it should be mentioned that the natural 
mutation-rate m Drosophila metanogaslcr (measured by sex- 
linked lethals) increases with the age of the tissue tested and 
with the temperature at which it is kept Further, it difTers 
from stock to stock and in a few cases may be relatively high 
Thus, Demercc (1937) found that the Florida stock gave 
about 1% of sex-linked lethals, the average of all other 
stocks being about 0 1 % This he found to be due to a 
recessive gene, located on the second chromosome, which 
raised the general mutation-rate of all the genes in the 
organism This behaviour is to be contrasted with the case 
found by Rhoades (1941) in maize, where the gene Dt in- 
creases the mutation rate only of the gene a. 

The mutation-rate induced by x rays is found to be linearly 
proportional to the dosage The frequency of sex-lmked 
lethals induced in Drosophila sperm is about 3% per 1,000 r 
(Schultz, 1936) This rate is independent of the wavelength of 
the radiation throughout the gamma- and x-ray range up to a 
wavelength of 2 6 A It is independent of the time occupied 
by the irradiation, l e is independent of intensity down to 
the lowest tested (0 07 r/min ) and of whether the dose is 
fractionated or given in one exposure Lastly, it is unaffected 
by temperature and is probably independent of the natural 
mutation-rate of the particular stock employed Timofeeff- 
Ressovsky (1937) should be consulted for full details 
These facts indicate that the induced mutations must be 
due in quite a direct manner to a single ionization excited m 
a sensitive volume which may be the gene itself or include 
the gene or some part of it (Timofeeff-Ressovsky, Zimmer & 
Delbruck, 1935) The ionization adds considerable energy 
to the affected gene, and the excited molecule, rendered 
temporarily unstable, is enabled to slip from one relatively 
stable chemical state to another What the precise change 
may be is unknown, but any change in the gene molecule 
may be expected to alter the properties of the whole gene 
and so to be disclosed as a mutation A simple account of 
the physical principles involved is given by Schrodinger (1944) 
Probably not all changes provisionally classed as gene- 
mutations are intramolecular, but the further consideration 
of this matter must be left until the grosser effects of radia- 
tions on the chromosomes have been described 
Estimates of the sizes and of the number of genes may be 
derived from mutation data The best estimates are probably 
those derived (Lea, 1940, cf also Lea & Catcheside, 1945) 


from a comparison of the mutation-rates induced by x rays 
and neutrons These two radiations differ considerably in 
their relative efficiency in producing sex-lmked lethals, the 
ratio being about 1 6 1 for x rays neutrons for a given dose 
measured m terms of ionizations (Zimmer & Timofdeff- 
Rcssovsky, 1938) This leads to an estimated volume of 
a single gene of about 2 8 X 10* cm 3 , containing about 
1,000 atoms, and to there being about 1,860 genes in the 
X-chromosomc of Drosophila, each capable of giving X-linked 
recessive lethals 

Induced Chromosome Aberrations 
The chromosomes m a body-cell pass through a cycle of 
division, mitosis, whereby two nuclei, each an exact repro- 
duction of the parent nucleus, are produced Before pro- 
phase, i e m the resting stage, each chromosome divides 
lengthwise into two chromatids, except at the centromere, 
and during prophase each assumes a condensed spiral form 
and becomes coated with nucleic acid At metaphase, each 
chromosome moves on the spindle so that the centromeres 
come to lie m the equatorial plane At anaphase, each 
centromere divides, the two halves each with their attached 
chromatid then moving to opposite poles of the spindle A 
new nucleus is then organized at telophase from pach of the 
two groups of daughter chromosomes 

Radiations affect the different stages in various ways 
A lengthening of the nuclear-division cycle 'may be caused, 
especially by heavier doses A further physiological effect, 
shown by adhesion or clumping of the chromosomes, occurs 
m cells already in division at the time of irradiation 
(Marquardt, 1938 , Roller, 1943) With large doses, 
excessive clumping may prevent the completion of mitosis 
Nuclei at resting, or early prophase, stages at the time of 
irradiation, although delayed in division, recover and show no 
adhesive tendency when they reach metaphase Instead, 
they may show structural changes These are due to the 
production of breaks in the chromosomes, which may be 
followed by the formation of structural rearrangements 
resulting from the recombination of the breakage-ends m 
various ways This subject has recently been reviewed 
(Catcheside, 1945) and space permits the description of only 
some of the manifold changes The descriptions refer to the 
appearance of the affected chromosomes at the metaphase 
of the division-cycle m which the changes are induced 
Structural changes are of two kinds chromosome, where 
both the chromatids are similarly affected and chromatid, 
where only one of the two chromatids is affected at a given 
place The former are normally produced by irradiation 
during the resting stage, at which time the chromosomes are 
simple undivided threads The latter are produced by treat- 
ment at the early prophase, when the chromosomes are 
divided into two chromatids In flowering plants, the 
pollen-grams m a given anther and bud develop approximately 
synchronously In Tradescantia, for example, at 20° C the 
division-cycle, including a prolonged resting-stage, occupies 
about 10 days, all the grams in one anther reaching metaphase 
within a period of less than 24 hours The material is thus 
convenient for radiation work in providing a group of cells 
all approximately at the same stage of mitosis Chromosome 
division occurs about 30 hours before metaphase A change 
from chromatid to chromosome structural changes is shown 
by metaphases observed respectively less than, and more than, 
30 hours after exposure of pollen-grams to radiations 
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Other convenient material is provided by germinating 
pollen-grains on an artificial medium, and using the nuclear 
division that takes place in the very thin pollen-tube, 7/x in 
diameter This is especially valuable where soft, weakly- 
penetrating radiations must be studied 

Radiations produce breaks in the chromosomes, and the 
breaks suffer various fates (Fig 2) A large proportion, 
estimated at 90%, undergo restitution, the two fragment- 
chromosomes rejoining in the original way so that no 
permanent effect can be seen (Sax, 1939 , Lea & Catcheside, 
1942) This restitution is a matter of inference from intensity 
experiments to be mentioned later A further proportion of 
breaks undergo reunion in new ways Thus, two breaks, 
one each in two different chromosomes in the same nucleus, 
would produce four fragments A„ Ac, B ls Bo Two of them 
(Ai and B,) have centromeres and two (Ao and B 0 ) are without 
these bodies Reunion in a new way to produce interchanges 
could be symmetrical, producing two new viable chromo- 
somes Ai-B 0 and B,-Ao, each with one centromere , or could 
be asymmetrical, producing two defective chromosomes, 
one (Ai-B,) having two centromeres and the other (A-B 0 ) 
having none Similarly, two breaks within one chromosome 
could produce symmetrical changes (inversions, cf Fig 5)’ 
or defective (ring or deficient rod) asymmetrical changes 
The defective chromosomes are not permanently functional, 
since a chromosome without a centromere is inert on the 
spindle (Fig 36), while in one with two centromeres there 
is a complete lack of co-ordination of the two kinetic 
bodies The inertness leads to loss of parts of chromosomes 
from the daughter nuclei and, if this entails the loss of vital 
genes, the nuclei die The non-co-ordination of two centro- 
meres leads to chromosome-bridges at anaphase, and ulti- 
mately to breakdown and death of the cells Causes of this 
type are responsible for those dominant lethals, referred to 
earlier, that are dependent upon two or more hits 

A final proportion of the original breaks neither restitute 
nor undergo reunion in new ways, but instead remain open as 
chromosome-breaks, the chromosome being present as two 
fragments, one centric and the other acentric In some cases 
the pairs of sister chromatid-ends may undergo sister-umon 
(Fig 4a) and in other cases not Where sister-union occurs 
in the centric fragment, a bridge would be formed at anaphase 
(Fig 3a), leading ultimately to cell-death Single chromo- 
some-breaks, exhibiting sister-umon, account for the major 
proportion of dominant lethals, namely for those propor- 
tional in frequency to the first power of the radiation-dose 
(Pontecorvo & Muller, 1941 , Lea & Catcheside, 1945) 

Chromatid-breaks produce a senes of analogous chromatid 
structural changes (simple chromatid-breaks are shown in 
Fig 46, and a chromatid-interchange in Fig 3c), some of 
which are defective, leading to death, and others of which 
are fully functional and viable In general, a functional 
nucleus must have a full complement of genes, and each 
chromosome must be rod-shaped and have just one centro- 
mere This is not stnctly true, since very small deficiencies 
(absences of one or a few genes) may be viable Thus, a 
proportion of the recessive lethals induced m Drosophila 
sperm are actually small deficiencies, as is disclosed by 
examination of the giant salivary-gland chromosomes 
(Slizynshi, 1938) 

The yield of persistent chromosome- and chromatid-breaks 

" [Fie J 3 J btc on Plate II facing p 9 —Ed ] 


is linearly proportional to dose in the case of x rays (e g 
Sax, 1940 , 1941 , Thoday, 1942), neutrons (Giles, 1940 , 
Thoday, 1942), and alpha rays (Kotval & Gray, unpublished)’ 
The yield is also independent of the radiation-intensity 


FIG. 2. DIAGRAMS OF THE MODE OF PRODUCTION 
OF SOME CHROMOSOME STRUCTURAL CHANGES 
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(Sax, 1940 , Catcheside, Lea & Thoday, 1946) Therefore 
simple breaks are products of single radiation-hits 
Tlie yields of interchanges and other two-break aberrations 
produced by x rays dimmish with increase of the time over 
which the irradiation is spread, i e , with decreasing intensity 
These two-break aberrations also increase more rapidly than 
the first power of the dose With high intensities, the yields 
are practically proportional to the square of the dose , at 
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lower intensities the power of the dose is lowered (Sax, 1941) 
A square law is also found if the dose is varied by varying the 
intensity at a constant exposure-time These facts are readily 
explicable if the two breaks are produced by separate ionizing 
particles Howes er, the effects may be distorted by restitution 
of breaks, unless the irradiation is completed in a short time 
or the irradiation extends over the same time at all doses 
The data also may be emplojed to show (Lea & Catcheside, 
1942) that the mean life of an original break in a Tradescantia 
chromosome is about 4 minutes at 20 3 C At lower 
temperatures its life is probably longer 
With neutrons, the yield of interchanges is independent of 
the time over which a g» en dose is spread, i e , of the intensity, 
suggesting that a single ionizing particle usually causes both 
the breaks in the neutron-induced interchanges (Giles, 1943) 
In agreement with this inference is the fact that the yield of 
neutron-induoed interchanges increases in linear proportion 
to dose (Giles, 1940 , 1943 , Thoday, 1942) 

X rays ionize by means of electrons, the io niza tions in a 
path being in clusters spaced apart, except very near the end 
of the path where the electron has lost most of its energy 
Neutrons ionize by means of protons, the ionizations in the 
path forming a dense column For a given dose, depending 
upon the x-ray wavelength and the neutron-energy respectively, 
about ten to twenty times as many electrons as protons would 
traverse a nucleus It is for this reason that, at the low dosages 
normally employed, neutron-induced interchanges are pre- 
dominantly one-hit, while x-ray-induced interchanges are 
predominantly two-hit 

Providing that x-ray doses are measured m rontgen- and 
neutron-doses in r-units, units which represent approximately 
■equal energy-dissipations in tissue, the ratio of the yields of 
•chromosome-aberrations for equal doses of the two radiations 
may be taken to be the ratio of the efficiency per ionization 
-of the densely-ionizmg particles (protons) m neutron 
experiments to that of the less-densely-iomzmg particles 
(electrons) m x-ray experiments This ratio is about 2 to 4 
for chromatid- and chromosome-breaks in Tradescantia 
pollen-grains 

The x-ray and neutron data taken together may be used to 
derive an estimate of the distance apart, at the moment of 
breakage, of breaks which exchange The order of magnitude 
■is 1/i (Lea & Catcheside, 1942) and this estimate agrees with 
those based on other data (Lea, 1946 , Catcheside, 1945) 

It has already been seen that a Tradescantia chromosome 
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can be broken by a single ionizing particle If a single ioniza- 
tion were the causative agent, the efficiency per unit dose 
should be less for neutrons than for x rays, since those 
ionizations in excess of the minimum needed to break the 
chromosome would be wasted But neutrons are more 
efficient and this indicates that several ionizations are usually 
needed to break a chromosome The probability of a chromo- 
some being broken when a proton traverses it is fairly high, 
most likely between 0 5 and unity On the other hand the 
probability of breakage by an electron is rather low for all 
of its path except the last densety-ionized quarter-micron 
(Lea & Catcheside, 1942) It has been estimated that 15 to 
20 ionizations represent the minimum amount of energy 
which, dissipated m a chromosome, is sufficient for the 
probability of breakage to approach unity It should be 
emphasized that these numerical values refer to Tradescantia 
chromosomes and that quite different values may 
characterize the chromosomes of other organisms 
From a genetical point of view, the use for therapeutic 
purposes of neutrons and similar radiations with densely- 
ionized paths instead of gamma rays and x rays, is to be 
favoured, for the following reasons For a given dose, 
neutrons are more efficient in the production of chromosome 
structural changes that will lead to the death of the cells and 
tissues, while they are less efficient m the production of gene- 
mutations which, produced in gonads, could be harmful to 
future generations 

Finally, reference should be made to ultra-violet radiations 
These can cause excitation but not ionization, that is, they 
can introduce into genes or chromosomes at one time only a 
small amount of energy compared with that which may be 
introduced by x rays Ultra-violet radiations produce the 
usual range of gene-mutations (Stadler & Sprague, 1936, 
Mackenzie & Muller, 1940), the rate being directly propor- 
Uonal to the dose The shorter wavelengths, notably those 
between 2,500 and 3,000 A approximately, are considerably 
more effective than slightly longer wavelengths The ultra- 
violet is also able to produce chromosome-breaks, though 
with a remarkably low efficiency (Swanson, 1942) , however, 
there is no certain evidence that interchanges or other two- 
break aberrations can be produced From a genetic pomt of 
view, the ultra-violet can be extremely useful m providing 
mutations free from chromosome structural changes, always 
provided of course that the objects to be treated are small 
enough to be capable df penetration by the rays 
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aqueous solution take place with doses of radiation much 
smaller than would be necessary to produce the same 
percentage chemical change m the solute if irradiated dry, 
and the number of solute molecules reacting greatly exceeds 
the number of solute molecules directly ionized by the 
radiation Evidently, the ionization of the water is able to 
lead to chemical change m the solute, and it is believed 
(Weiss, 1944) that the explanation lies in the production of 

PIG I INACTIVATION OF VIRUSES IN AQUEOUS 
SUSPENSION BY X RAYS 


The viruses are parasites of bacteria, plants or animals, 
characterized by their small size and their inability to multiply 
except in or on the living cells of the appropriate host The 
larger viruses, such as vaccinia, are probably correctly 
regarded as single-celled organisms The smallest viruses 
are nucleoprotems, capable of being concentrated and 
purified by the methods of protein chemistry and in some 
cases obtainable in a crystalline form It is evidently not 
correct to regard these small viruses as cells From a 
biological standpoint they may be thought of as naked 
genes (Muller, 1922) From a chemical standpoint they are 
to be thought of as large molecules ( macromolecules ) of 
molecular weight 1-100 millions 

Thus one may expect to find analogies between the 
mechanism of action of radiations on viruses (at any rate 
in the case of the smallest viruses), and chemical effects of 
radiation, and we shall therefore recall the outstanding 
conclusions of the study of the chemical effects of radiation 1 

Chemical Effects of Radiation 

If a chemical substance is irradiated in the pure state by 
x rays or alpha rays, the typical result is that approximately 
one molecule is decomposed for each ionization produced 
It appears that the ionization of an atom usually leads to the 
decomposition of the molecule of which it is a part, a result 
which is dot unexpected in view of the fact that the energy 
involved m ionization exceeds the binding energy of an atom 
in a molecule This (approximate) result has been estab- 
lished for substances in the solid, liquid, and gaseous states, 
and for substances ranging m molecular weight from about 
20 to about 20,000 There are some notable exceptions, 
but these are probably to be explained on the basis, on the 
one hand, of recombination of the products of decom- 
position giving low yields, or, on the other hand, of chain 
reactions giving enhanced yields 

Many substances undergo chemical change when irradiated 
in dilute aqueous solution Among inorganic solutes, 
reducing agents are oxidized, and oxidizing agents are 
reduced, while organic solutes are usually eventually con- 
verted to CO. and hydrogen These reactions in dilute 

* [This subject has been reviewed by Allsopp (1944) and by Lea (1946) ] 




Abscissae=concentration of solution in grams per millilitre 
Ordmates= inactivation dose in rontgens ... 

A Tobacco mosaic virus (Lea, Smith, Holmes & Markham, 1 94^) 
B Shope rabbit papilloma virus (Friedewald & Anderson, 1941) 

(Reproduced by permission of the Cambridge University Press) 


free H atoms and OH radicals following the ionization of 
the water 

Inactivation of Viruses 

Both the direct action of radiation (1 e , chemical change 
due to ionization in the molecule concerned) and the indirect 
action (l e , chemical change m the solute molecules due to 
ionization in the solvent) have been demonstrated m studies 
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of the inactivation of viruses by arrays Thus in Fig I (Lea, 
Smith, Holmes S. Markham, 1944) it is shown that m 
sufficiently concentrated solution the dose required to in- 
activate a given percentage of a virus is independent of the 
concentration of the solution, indicating that in such solutions 
the direct action is predominant, but that m sufficiently dilute 
solutions the dose required to inactivate a given percentage 
of virus diminishes, showing that in dilute solution the in- 
direct action predominates 


Macromolecular Viruses 


The study of the direct inactivation of viruses has so far 
yielded results of greater interest than the study of the indirect 
action, and we therefore confine our subsequent discussion 
to the direct action If, on the basis of the results of chemical 
experiments alreadv mentioned, we arc prepared to accept 
that, in the cases of the macromolecular viruses, every varus 
particle ionized is inactivated, vve are able to use radiation 
experiments to estimate the size of the v inis particle 
Suppose that D rontgens is the dose which produces an 
average of one ionization per virus particle Since 1 rontgen 
corresponds to the production of approximately 2 > 10” 
ionizations per gram, D rontgens corresponds to the produc- 


tion of 1 ionization per 

2 > 10 '-D 


grams This, then, 


is the mass of the virus particle 

This calculation, while satisfactorily illustrating the 
principle, is somewhat simplified The ionizations produced 
in an irradiated material are not distributed spatially at 
random, as the above calculation has tacitly assumed, but 
are localized along the paths of ionizing particles, as des- 
cribed by Gray’ If an ionizing particle passes through 
a virus particle, usually more than one ionization will be 
produced m it, the actual number depending on the 
diameter of the virus and the ion density (i e , the number of 
ionizations produced per micron path) of the ionizing particle 
The ion-density is greater in alpha-ray experiments than in 
x-ray experiments, and is greater with x rays than vvith 
gamma rays We shall therefore expect that the inactivation 
doses will increase lh the order gamma rays, x rays, alpha 
rays, since a radiation which produces several ionizations 
in one virus particle, when one would suffice to inactivate it, 
is inefficient. 

Table I shows that the experimental results (Lea & 
Salaman, 1946) confirm this expectation for a bacteriophage 
Similar results with plant viruses have been obtained by 
Lea & Smith (1942) 

TABLE I INACTIVATION OF PHAGE S-I3 


(Phage diameter 16 m>t} 


Gamma X Alpha 
/ . . rays ray 5 rays 

inactivation dose in millions of rontgens 0 58 0 99 3 5 

Inferred 'target diameter in 15 5 15 9 16 0 

-^om experimental inactivation doses one can calculate 
the target ” diameter, l e , an estimate of the diameter of 
the virus based on the hypothesis that an ionization anywhere 
m the virus particle wall inactivate it. The agreement betw een 
the three estimates of target diameter and their close approxi- 
mation to the size of the virus as determined by other methods 
(centrifugation and filtration) satisfactorily confirms this 
hypothesis, and incidentally establishes that this bacterio- 
phage is one of the macromolecular viruses 


Organism-type Viruses 

If vve attempt to apply the same type of reasoning to a 
large virus, vve find that the estimates of the target size 
deduced from experiments with the three radiations do not 
agree, and are all much smaller than the true size of the 
virus, as shown m Tabic II (Lea & Salaman, 1942) It is 

TABLE II INACTIVATION OF VACCINIA VIRUS 
(Virus diameter 200 m^) 

Gamma X Alpha 

rays rays rays 

Inactivation dose in millions of rontgens 0 080 0 104 0 211 

Inferred " target ’ diameter in m^ 31 41 70 

evident that the hypothesis that an ionization anywhere in 
the virus particle leads to inactivation is incorrect It is 
believed that a single atom ionized can inactivate the virus, 
but it must be an atom, not anywhere in the virus, but m 
certain radiosensitive constituents of the virus, these con- 
stituents comprising only a small fraction of the total bulk 
of the virus particle This differentiation between radio- 
sensitive and radio-insensitive constituents suggests a cell 
rather than a macromolecule, and it is probable that the 
radiosensitive material is to be identified with the genes 
The fuller analysis of the radiation data enables an estimate 
of the number of genes to be made (Lea & Salaman, 1942) 
We are thus led to regard vaccinia not as a naked gene, 
as was appropriate for phage S-I3, and the plant viruses, but 
as a single-celled organism with many genes 
Shortly after this suggestion was made, electron micro- 
graphs were published (Green, Anderson & Smadel, 1942), 
showing internal structures in the particles of vaccinia virus, 
and making it difficult to doubt that the particle of vaccinia 
is a single-celled organism rather than a macromolecule 
It appears from these examples that radiation experiments 
may be of value in elucidating the nature of viruses Some 
recent experiments (Lea & Salaman, 1946) on bacterio- 
phages somewhat larger than S-13 suggest that these are 
very primitive organisms with only 10 or 20 genes 

Lethal Mutation in Bacteria 

Effects of radiation upon bacteria which have been investi- 
gated are, the production of mutations (1 e , permanent 
changes in form or colour of colony), the reduction of 
motility, a temporary inhibition of division, and the lethal 
action, the great majority of investigations being concerned 
with the last-mentioned effect 
What is desenbed as a lethal action m these investigations 
is the inability of a bacterium after irradiation to give rise 
to a colony visible to the naked eye when inoculated on a 
nutrient medium There are, however, distinct differences 
between the “ killing ” of a bacterium by radiation, and 
kiltin g by other agents, e g , heat or chemical disinfectants 
Thus, after irradiation, the bacterium which is rendered 
incapable of giving rise to a colony may still be motile 
(Bmynoghe & Mund, 1935), may still be capable of res- 
piration (Bonet-Maury, Perault & Enchsen, 1944), and may, 
when cultured and examined microscopically, show some 
growth (Luna, 1939) In view of these facts, it is probable 
that one is dealing with lethal mutation 
The internal evidence of the radiation experiments supports 
this interpretation It appears (Lea, 1940 , Lea, Haines & 
Bretscher, 1941) that a single ionization is able to “kill” 
a bactenum, but that, as with the large viruses, it does not 




* (S« BMB 799 ui this number — Ed ] 


25 


BRITISH MEDICAL 


B L L L E T I N 


suffice for it to be produced anywhere in the bacterium It 
must be produced in a radiosensitive part which constitutes 
only a small fraction of the total bulk of the bacterium, and 
which is, on our interpretation, to be identified with the 
genes 

Inhibition of Division of Bacteria 

Ionization produced, in a bacterium but not in the genetical 
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QUANTITATIVE HISTOLOGICAL 
ANALYSIS OF RADIATION-EFFECTS 
IN HUMAN CARCINOMATA 

ALFRED GLUCKS MANN, MD 

Strangeaiays Research Laboratory, Cambridge 

Tumours of apparently similar histological type and clinical 
extent in different parts of the body, or even at the same site, 
vary considerably in their local response to radiotherapy 
Thus, good results are obtained in cases of carcinoma colli 
uteri, while almost complete failure attends the treatment of 
carcinoma of the oesophagus In carcinoma colli uteri, 
clinical stage 1 2, 60% of the cases are cured for at least 
5 years while 40 % of the cases fail to respond satisfactorily 
Attempts to discriminate between the radiocurable and 
the radioresistant cases by means of histological grading 
have led to widely divergent results (Heyman, Reuterwall 
&. Benner, 1941 , Coutard, 1934 , Phillips, 1931) The most 
anaplastic types of tumour tissue (Borak, 1932 , Healy, 
1928), as well as the most differentiated types (Blady & 
Chamberlain, 1944 , Evans, Barnes & Brown, 1942 , 
Fncke & Bowing, 1941 , Regaud, 1928) have been found to 
give the best radiotherapeutic results — a finding paralleled 
by the clinical observation that the highly-differentiated 
keratinizing epithehomata of the skin and Lp usually respond 
favourably to radiation-treatment, and that lymphosarcomata 
and other growths composed mainly of undifferentiated cells 
react dramatically to radiotherapy, at least locally 
These examples, as well as the rather vague and general 
statements composing the “ radiosensitivity tables ” of 
tumours (Warren, 1941 , Desjardins, 1938 , Patterson, 
1933 , 1936), illustrate the difficulties encountered in an 
analysis of the factors determining the radiosensitivity of 
individual growths or groups of tumours, and of the likely 
response to any particular type and dose of radiation 

1 The clinical stages in carcinoma colli uteri are defined as follows (Heyman, 
1938) Stage 1 The carcinoma is strictly confined to the cervix Stage 2 The 
carcinoma infiltrates the parametrium on one or both sides but does not extend 
to the pelvic wall Stage 3 The carcinomatous infiltration of the parametrium 
extends to the pelvic wall on one or both sides Stage 4 The carcinoma involves 
the parametrium up to the pelvic wall and the bladder 


material is not without effect The most striking effect is a 
temporary inhibition of division Bacteria grown m a 
nutrient medium in the presence of a suitable intensity of 
radiation continue to grow, in the sense of increasing in 
volume, but fail to divide In consequence, rod-shaped 
bacteria grow into long filaments (Lea, Haines & Coulson, 
1937) 
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Although some general principles have been elucidated by 
radiobiological research, their application to the practice of 
radiotherapy is handicapped by the heterogeneous collection 
of nosological entities lumped under the term “cancer” 
(Ewing, 1941) and also by the essential differences m 
biological characters and reactions of much of the biological 
material chosen for experimentation and of malignant cells 
and tissues 

The study of the local response of various types of neo 
plastic diseases to radiation can be undertaken only by 
investigating the actual response of individual tumours to 
treatment, i e , by examining serial biopsies taken before, 
during, and after treatment, and by correlating the histo- 
logical with the subsequent clinical and pathological findings 
It is useless, however, to compare biopsies taken at random 
with one another, since owing to their localization in the 
tumour, i e , whether near the necrotic centre or the well- 
vasculanzed growing edge, the specimens from the same 
tumour may vary as to the proportion of old and young foci 
mcluded To obtain comparable results in serial biopsies 
of an individual case, sections should be taken from the 
growing edge of the tumour, and in such specimens only the 
young areas should be chosen for a detailed examination of 
the reaction of the tumour-tissue to treatment Young foci 
alone contribute to the further expansion of the tumour , 
they possess the greatest developmental potentialities m any 
given malignant growth, and are best able to react to, and to 
recover from, the effects of treatment 

If these precautions are taken, reliable and comparable 
“ samples ” of young foci in the tumour can be obtained 
In a series of about 20 surgical and pathological specimens 
of various carcinomata, a number of small pieces of tissue 
equivalent to biopsy sections were taken from the growing 
edge, comparable young areas were selected in each piece, 
and their cell-population was classified and counted The 
average coefficient of variation from the mean in the various 
pieces for any given tumour was of the order of 10% 
(Glucksmann, 194 6) Similar observations have been 
recorded for the histological grading of various biopsies 
taken from the same tumour (Broders, 1940 , Warren, 1931 , 
Patey & Scarff, 1928) 

The cellular population of tumours vanes with tumour- 
type In most epithelial growths, 4 classes of cells can be 
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distinguished according to their viability There are 2 classes 
of viable cells 

A The resting cells, which are the mtermitotic " stock ” 
cells capable both of division and differentiation (depending 
on the tumour-type) They are relatively small, with a large, 
often hyperchromatic, nucleus and with little and basophilic 
cytoplasm 

B The mitotic cells, 1 e , stock cells actually m division 
There are also two classes of non-viable cells 
C The differentiating cells, which are cells rendered 
permanently incapable of division by the differentiation of 
of their cytoplasmic structures Most of these cells are large, 
with a great amount of differentiated cytoplasm and a 
relatively small vesicular nucleus 
D The degenerating cells, which are the cells m the 
process of disintegration Their structure changes according 
to the form of degeneration (fatty, mucoid, parakeratotic, 
etc.), and to the cell-type from which they arc derived 
Very immature growths lack the differentiating cells 
Fig 1 depicts diagrarhmatiCaliy the main characteristics of 
these four cell-categories and their relationship with each 
other, as indicated by the arrows The cellular composition 
of the foci is influenced by the tumour-bed, 1 e , the vessels, 
stroma and cells surrounding the tumour-strands, which 
promotes or inhibits mitosis, differentiation and degeneration 


FIG I DIAGRAMMATIC REPRESENTATION OF THE 
FOUR CELL- CATEGORIES FOUND IN MOST 
EPITHELIAL TUMOURS 



T 
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T Symbolizes the tumour-bed, i e , the vessels stroma and 
cells surrounding the tumour strands 


Young foci are formed by finger-like projections from 
tumour-strands, and are characterized by the presence of 
many mitotic cells, the preponderance of resting cells, and 
the dissolution of the basement membrane at the growing tip 
of the projection The comparison of young foci m serial 
biopsies is best made quantitatively by classifying and 
counting all the cells in carefully selected young areas The 


cell-counts are plotted as percentages against time after 
beginning treatment, and thus a chart is obtained of the 
response of a given tumour to a given type of treatment 
(Glucksmann, 1941) 

Changes m the cell-population of young tumour-foci are 
the result of direct and of indirect effects of radiation The 
direct effects concern mainly resting and dividing cells 
After a transient mitotic inhibition, resting cells may break 
down on attempting division, they may differentiate according 
to their type and potentialities, or they may disintegrate 
immediately after exposure Enlargement of resting cells 
often follows an irradiation 

After a period of mitotic inhibition, cell-division may be 
resumed with varying degrees of abnormality A sufficiently 
high dose of radiation delivered at a high intensity may cause 
the immediate disintegration of mitotic cells The direct 
effects of radiation thus cause a diminution m number of 
resting and dividing cells and promote the “ageing” of 
cells and foci Apart from some increase in cell-size, the 
effect of radiations on cells in the early stages of differentia- 
tion has not yet been precisely determined 

The indirect effects of radiation are due to the interference 
wrih the vascular and connective-tissue system of the tumour, 
and to the induction or exacerbation of inflammatoiy reac- 
tions Insufficient blood-supply affects the process and the 
incidence of cell-division, and may cause the disintegration 
of cells The inflammatory reaction leads to the infiltration 
and the breaking up of tumour-strands by round cells, 
followed by the formation of fibrotic scars 

The aim of radiotherapy in malignant disease is to convert 
viable into non-viable cells, i e , to induce the breakdown of 
dividing cells and to prevent cell-division, to cause the 
immediate disintegration of resting cells, or their permanent 
sterilization by differentiation The observed radiation- 
changes in malignant growths vary according to the tumour- 
type and the dose, dose-rate, and time-interval between a 
given dose and the biopsy excision Some types of reaction 
of young foci to radiotherapy are illustrated in Fig 2-5 

Fig 2 represents the reaction-chart of a basal-celled 
carcinoma of the temple treated by a dose of 3,200 r of 
x rays given in 1 3 days Cell-counts made in selected young 
foci of serial biopsies show a diminution and finally a dis- 
appearance of mitotic cells and an initially slow and later 
rapid disintegration of resting cells Clinically the lesion 
responded well to treatment and remains healed This case 
illustrates the response of undifferentiated tumour cells to 
radiotherapy by mitotic inhibition, degeneration of mitotic 
cells, and the disintegration of the “ aged ” resting cells 
A few of the resting cells were apparently killed directly 
by the radiation 

The charts m Fig 3-5 refer to cases of epithelioma 
(carcinoma) colli uteri, clinical stage 2, treated by radium 
insertions on days 0, 7 and 21 by a modified Stockholm 
technique 

Fig 3 shows the reaction-chart of a favourably-responding 
tumour which was an epithelioma with keratinized foci 
Broders grade* 2 The malignant tissue reacts rapidly to 
treatment, with a marked increase in number of differentiating 


* Broders s histological grading of malignancy is based on the degree and 
extent of cell de-differentiation The least malignant, i>e*, the most differentiated 
form constitutes grade 1 and consists of 0/ to 25/ of de-differentia ted cells 
Grade 2 contains 25 /to 50%, grade 3 50 /to 75/ and grade 4 75/ to 100/ of 
de-differentiated cells 
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FIG 2. REACTION-CHART OF 
BASAL-CELLED CARCINOMA 



FIG 3 REACTION-CHART OF 
EPITHELIOMA 
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Graphs showing cell-counts in young foci of 
serial biopsies taken from the growing edge 
of tumours before and during radiation 
treatment 
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cells which subsequently disintegrate The mitotic and 
resting cells decrease in number and disappear Clinically, 
healing of the lesion was noted after 3 months and the patient 
has remained well and symptom-free for 5 years 

Fig 4 represents the reaction to treatment of another 
epithelioma of the cervix uteri, clinical stage 2, Broders 
grade 3 The effect of 3 radium-insertions in this case is 
approximately equal to that of a single insertion in the case 
of Fig 3, l e , there is some reduction in the percentage of 
viable cells and a corresponding increase in the percentage 
of non-viable cells This change does not, however, lead to 
the complete disappearance of viable cells, and the tumour 
tissue is thus able to recover from the radiation-effects 
This chart indicates a merely temporary inhibition of growth 
of the tumour-tissue Clinically, the lesion appeared to heal 
and there was no evidence of growth 6 months after treat- 
ment The tumour reappeared later in the treated area and 
caused the death of the patient 16 months after the beginning 
of treatment 

Fig 5 illustrates the reaction to treatment of another 
epithelioma of the cervix uteri, clinical stage 2, Broders 
grade 3 There are only minor fluctuations m the cell-counts, 
and the chart indicates the persistence of tumour-activity 
almost unchanged by the type of radiation-treatment given 
Clinically, however, the lesion appeared to be healed after 
3 months Three months later a “ recurrence ’ of the tumour 
in the treated area was diagnosed, and the patient died 
6 months later with growth in the treated area and with 
extensions 

In these 3 illustrative cases of carcinoma colli uteri 
(Fig 3-5) the lesion appeared to be healed 3 to 6 months 
after treatment although in 2 of the cases the histological- 
reaction chart (Fig 4 <SL 5) indicated the persistence of active 
tumour growth In both these cases the tumour recurred 
subsequently In a series of 150 cases of carcinoma colli 
uten, 26 cases reported clinically satisfactory during the 
first 4 months after treatment developed a “ recurrence ” 
during the succeeding 8 months , in each case the reaction- 
chart, obtained within 3 weeks of beginning treatment, 
indicated the persistence of tumour-activity (Gluchsmann & 
Spear, 1945) 

The histological findings based on a quantitative analysis 
of the cell population of young foci in serial biopsies seem to 
give a reliable and early indication of the likely outcome of 
radiotherapy in individual cases, whereas clinical healing is 
useful as criterion in the evaluation of therapeutic results 
only if it persists for the conventional period of 5 years 
Practically all tumours shrink to some extent under treatment 
— presumably owing mainly to the damage inflicted on parts 
of the vascular system supplying the growth and to its 
sequelae — and this shrinkage allows of the restoration of the 
normal anatomical configurations in spite of the persistence 
of active, microscopic tumour-foci Decrease m tumour- 
volume of itself is no real measure of the efficiency of therapy 
As with surgery, radiation-treatment of cancers aims at the 
complete elimination or sterilization of viable tumour-cells, 
and a 90% success of therapy is ultimately a failure The 
histological-reaction charts (Fig 2-5) are measures of 
tumour-activity, and bear no relation to the actual size of the 
tumour at the time of the biopsy-excision 

The persistence of active microscopic tumour-foci in 
apparently restored sites is the reason why, shortly after 


treatment, the histological findings may be at variance with 
the results of clinical examinations Agreement becomes 
however, closer with the lapse of time For example, m the 
series of 150 cases referred to (Glucksmann & Spear, 1945) 
there was agreement between histological and clinical findings 
in only 50% of the cases after 4 months and in 80% of the cases 
2 years after treatment 

Apart from showing within 3 weeks of beginning treatment 
whether or not the aim of therapy is being realized, the 
histological analysis gives some useful information about the 
way in which the therapeutic results are obtained In cases 
like that of Fig 2, the successful treatment is due in particular 
to the “ mitotic ” effect of radiation, l e , to mitotic inhibition 
and to disintegration of dividing cells , this prevents the 
further formation of resting cells which consequently age and 
having reached the limits of their short span of life, die 
Some resting cells are also killed immediately by the radiation 
and others fall victims to unfavourable conditions in the 
tumour-bed induced by radiation 

In epitheliomata like that of Fig 3, the mitotic and 
vascular effect of radiation is supplemented by the “ differen- 
tiation ” effect, i e , resting cells are forced (either directly 
or secondarily to mitotic inhibition) into differentiation, and 
are thus sterilized This observation suggests that the 
capacity for differentiation in resting malignant cells and its 
stimulation by radiation may be one of the factors in the 
“ radiosensitivity ” of tumour-tissue 

An indication of the capacity for differentiation of the 
tumour-tissue — though not of its reaction to radiation — mav 
be gained from the presence or absence of differentiated foci 
m the pre-radiation biopsy of the tumour Histological 
classification as to degree of differentiation of such specimens 
shows that, clinical conditions and treatment-methods being 
equal, the results of radiotherapy tend to be more satisfactory 
in the cases with more-differentiated tumour-tissue (Glucks- 
mann & Spear, 1945) The physical factors of radiation, 
such as time, dose, dose-rate and type of ray, which are most 
likely to elicit differentiation in cells with such potencies, are 
as yet little known and understood It appears feasible that 
favourable results may be obtained with changes m technique 
in those groups of tumours which so far have proved 
refractory to treatment 

There are various limitations in the application of the 
quantitative histological method of analysis of radiation- 
effects in individual cases of malignant disease Thus 
conclusions about a favourable response to treatment must 
be limited to the reaction of the growth in the treated area, 
presupposing that the radiation-energy was fairly uniformly 
distributed in this area In spite of cures in the treated area 
the clinical issue may, of course, be compromised by the 
presence of untreated metastases, or even by fatal haemorr- 
hages due to radiation-damage inflicted on the vascular 
apparatus Certain types of cancer are systemic diseases 
with local manifestations, and obviously the cure of one of 
these manifestations cannot prevent the formation of new 
ones which may even anse in neighbouring precancerous 
lesions 

Conclusions 

To summarize the quantitative histological examination 
of senal biopsies of human tumours provides a useful guide 
in the evaluation of the therapeutic result m individual cases 
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As a research method, it facilitates the analysis of the “ radio- 
sensitivity ” of an individual growth, makes possible the 
study of the factors influencmg the response of a given tumour 
to a given type of treatment, and provides a basis for the 
understanding of radiation-effects on tumour-tissue of 
different types and for the better knowledge of the natural 
history of malignant diseases The combination of such 
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THE MEASUREMENT OF RADIATION 

G J NEARY, M A , Ph D 

Physics Department, Mount Vernon Hospital 
and The Radium Institute, Northwood, Middlesex 

I INTRODUCTION 

A comprehensive discussion of the whole of the vast field 
which might be implied in the above title is clearly out of 
the question here, so the present remarks will be arbitrarily 
confined to the subject of ionizing radiation, around which 
most interest is centred in the present context, leaving aside 
entirely the question of ultra-violet, infra-red, and “ short 
wave ” radiations, which are of no less importance in biology 
and therapy 

By “ ionizing radiations ” we mean those types of radiation 
which in their interaction with matter are able, by virtue of 
their high intrinsic energy, actually to disrupt the individual 
atoms or molecules by the splitting-off of an electron The 
electron thus set free quickly attaches itself to some other 
molecule, ahd so, dispersed among the normal electncally- 
neutfal molecules, there appear positively- and negatively- 
charged ^molecules or clusters known as ions, which may 
exist independently in the medium for considerable lengths 
of time, and 1 endow it with the property of electrical con- 
ductivity 

If left to themselves, the ions will gradually neutralize each 
other, but the exact status quo may not be restored, for 
obviously the chance that various types of atomic and mole- 
cular rearrangement, le chemical change, will occur is 
considerable It is believed that such changes caused by 
ionization are the more immediate causes of the biological 
effects produced On the other hand, by the application of 
sufficiently large electric field, it may be possible, m a gas at 
any rate, continuously to remove the ions to the two elec- 


trodes almost as fast as they are produced by the ionizing 
radiation, before any appreciable recombination can take 
place The electric current in such circumstances is called 
the “ saturation current ” and, m most cases arising in 
practice, it is very minute 

Examples of ionizing radiations are the electromagnetic 
type as in x rays, and the gamma rays from radioactive 
substances, the swift electrons m cathode rays and the beta 
rays from radioactive substances, protons, alpha particles, 
etc , and neutrons, all of which have a similar ultimate mode 
of action in biology 

The necessity for some system of measurement of radiation 
in biological and therapeutic studies need hardly be 
emphasized, but m practice it has proved an exacting pursuit, 
aptly illustrating Kelvin’s historical remark that no pheno- 
menon can be understood till it can be measured and 
expressed in numerical terms The difficulties he in deciding 
on, and realizing practically, a suitable measure of “amount” 
of radiation, and arise partly from that common feature of 
the radiations which is most obvious, namely, their power of 
penetrating matter, and partly from the very small amounts 
of energy involved For example, the total amount of energy 
communicated to the tissues in a typical complete therapeutic 
treatment would suffice only to augment the temperature of 
the mass by about one hundredth of a degree Centigrade 

To keep our discussion to a reasonable length, it will be 
riecessary to confine ourselves to what is by far the most 
important method m this branch of radiation measurement, 
the ionization method, and to concentrate on the principles 
involved, omittmg detailed descriptions of techniques In 
an adequate historical account, considerable interest would 
attach to the photographic method of measurement 1 , but 
here, we merely remark in passing that it has been developed 
as a precision technique only in certain rather restricted 
fields, though it remains a very useful and often simpler 
alternative to the ionization method when high accuracy is 
unnecessary — for example, m the recording of stra y radiation 

* Some of the earliest dosimetry was done by finding the time required to 
photograph a hand ! 
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in questions of staff protection Other methods, such as 
chemical methods, change of colour or fluorescence of salts, 
selenium cells, etc , prosed unsatisfactory and are of historical 
interest only 

Again, comparative studies have been made by using some 
standard biological test-material, for example, Drosophila 
eggs, but it is clear that far greater importance attaches to 
the more fundamental problem of relating biological effects 
to the radiation producing them, evaluated in precise physical 
terms The radiations hitherto most commonly met with are 
•c rays and the gamma rays of radium, and they will of 
necessity occupy most of our attention 

H X AND GAMMA RADIATION 
a Quantum Character and Interaction with Matter 

These radiations are different examples of essentially the 
same type of radiation, and it may not be out of place to 
state briefly some of the most important facts relating to 
their interaction with matter The radiation is electro- 
magnetic m character, propagated with the speed of light 
For our purpose it is best to concentrate on the quantum 
character of the radiation, that is, the energy of the beam of 
radiation is concentrated m discrete units rather like a hail 
of bullets, the amount per unit being given by Einsteins 
equation 

E = h i c 

vv here h is Planck’s universal constant, and t = jp where t , X 

and c are the frequency, wavelength and velocity of the 
radiation, the latter also being a universal constant These 
quanta or photons interact with matter m several different 
ways 

1 “ Unmodified ,’ or Thomson scattering A quantum is 
merely deflected from its course without loss of energy by 
an individual electron, so that a unidirectional beam becomes 
diffuse Unmodified scattering is not of great importance in 
our present considerations 

n “ Modified’ or Compton scattering A quantum 
“ collides ” with an individual electron, projecting it in one 
direction while itself rebounding in another (and related) 
direction, with a reduced energy (and therefore longer wave- 
length) depending on the direction taken The detailed 
theory of the fractions of the energy of an incident beam of 
quanta imparted to the recoiling electrons and scattered 
quanta and their angular distribution has been given by Klein 
and Nishma, and is in very good agreement with experiment 
The phenomenon is only slightly affected by the atomic 
number of the substance 

in Photoelectric absorption A quantum is absorbed com- 
pletely by the atom as a whole Nearly all the energy’ is 
expended in extracting an electron from the atom and endow- 
ing it with kinetic energy The phenomenon is practically 
completely described by theoretical and empirical relations 
The fraction of energy of the incident beam converted 
reckoned per electron, is approximately proportional to the 
cube of the atomic number, 1 e the effect is much more 
pronounced in “ heavy ” than m “ light ” elements Apart 
from certain well-understood discontinuities, the energy con- 
version vanes roughly as the cube of the wavelength of the 
radiation, 1 e it becomes less important for higher quantum 
energies 

’ A 'Try small fraction is expended in atomic recoil 


iv Various nuclear efiects Production of electron and 
positron pairs and nuclear disintegrations becomes of impor- 
tance only for quanta of high energy These effects are prac- 
tically negligible even for radium gamma rays They vary 
with the atomic number of the nucleus 
These processes all contribute to a removal of quanta from 
a beam , the fraction of the energy removed is termed an 
absorption coefficient, and may be reckoned per electron, 
per unit mass, or per unit volume of the material s Some of 
the energy is imparted to fast electrons, the so-called 
‘ corpuscular emission” It is these swift secondary electrons 
which actually ionize and excite the atoms and molecules of 
the medium 

b The Concept of Quality 

The “ quality ’ of a beam of radiation refers to its intrinsic 
characteristics such as wavelength, or quantum energy It 
may be investigated exactly by spectrographic methods 
(crystal diffraction) or by measurements of the energy of the 
secondary electrons produced in matter A quick practical 
method, particularly useful for approximate results with 
heterogeneous beams, is to measure the absorption or 
attenuation of the radiation in some suitable standard sub- 
stance, from which an average or effective wavelength of the 
radiation may be estimated Thus it is usual to quote the 
half-value layer (HVL) of a given beam of x rays m 
aluminium, or copper, 1 e , the thickness of material required 
to reduce the “ intensity ” (dose-rate, see below) to one half 
By suitable developments of these principles, it is possible 
in some cases to form an estimate of the effective wavelength 
of the diffuse radiation produced during the passage of a 
beam through matter Thus the measurement of “ quality 
is achieved by the application of familiar physical ideas and 
need not be dealt with here m detail It may be mentioned 
in passing that the particular aspect of quality of greatest 
biological significance is the spacing of the ions along the 
tracks of the ionizing particles, the “ ion density” As the 
energy of the ionizing particle becomes less, the shorter the 
interval between successive ions 

c The Concept of Quantity or Dose 
When we come to the question of “ quantity,” it is necessarv 
to break new ground Normally, “ amount ” of radiation 
is expressed in terms of intensity, defined as quantity of 
energy flowing through unit area of the beam per umt time 
but any arbitrary measure of “ amount ” related to this 
however indirectly, would serve Obviously, it is desirable 
to choose as a measure that physical quantity which stands 
in the closest relationship to the biological effects produced 
by the radiation By making a shrew d choice in this matter 
the interrelation of physical cause and biological effect will 
not be obscured by a long chain of essentially irrelevant 
intermediate processes 

There is general agreement that the key quantity is the 
ionization produced in the biological substance With a 
few exceptions, however, it has for technical reasons proved 
quite impracticable to measure the actual ionization in a solid 
or liquid, but a quantity which is almost as aceptable as 
ionization, as a measure of the radiation, is the energy 
communicated to the medium The reason for this is that 
the proportion of this energy which goes to the production of 

* The absorption coeffiaents of any one atomic type are practically independent 
of its state cf chemical combination 
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ionization is probably independent of the quality of the 
radiation — this is certainly almost exactly true for air' 
and thus the ionization is known apart from a constant of 
proportionality characteristic of the medium '' In actual 
fact, however, the direct measurement of the energy com- 
municated to the medium is also well-nigh impossible because 
of the minute amount required even for the most extreme 
biological effects We shall see later how it is possible to 
derive this energy from other measurements 

d The Rontgen 

With these general ideas in mind, it is easy to see why, 
in actual historical fact, the ionization produced m air came 
to be adopted as a measure of radiation, partly as a matter 
of expediency on account of the relatively simple technical 
problems, and partly because it was realized that, on account 
of the general similarity of the atomic types in air and tissue, 
the energy conversion of x and gamma radiation m these 
two media would be roughly parallel for all qualities r 

Thus Villard in 1908 first suggested a unit based on air- 
lomzation that quantity of radiation which, by ionization, 
liberates one electrostatic unit of electricity per cubic centi- 
metre of air under normal conditions of temperature and 
pressure Much work remained to be done, however, before 
a satisfactory realization of the idea underlying this proposal 
was possible Much of the difficulty lay in the phenomenon 
of the “ wall effect ” of the ionization chamber The radia- 
tion causes the emission of secondary electrons from tie 
walls of the chamber, so that the observed loiiization in the 
air of the chamber, instead of depending Uniquely on the 
radiation itself, is determined by a complex set of factors such 
as the nature of the walls and the size of the chamber The 
surmounting of these difficulties and the development of the 
theory of the ionization chamber will be referred to later 

The necessity for general agreement on a satisfactory unit 
became ever more pressing, and in 1923 the first steps were 
taken by the British Rontgen and Physical Societies 
Discussions followed with the first mtemational congress of 
radiology in 1925, and finally matured at the second inter- 
national congress in 1928 The unit of x-ray quantity, or 
dose, called the “ rontgen ” (symbol, r) was defined as “ the 
quantity of x radiation which, when the secondary electrons 
are fully utilized, and the wall effect of the chamber is avoided, 
produces in 1 cc of atmospheric air at 0°C and 760 mm 
mercury pressuie, such a degree of conductivity that one 
electrostatic unit of charge is measured at saturation current ” 

e The “ Free-air ” Chamber 

In order to make measurements in accordance with this 
definition, a rather special technique is necessary, namely, 
the use of the “ free-air ” chamber A narrow beam of 
radiation, accurately defined by a diaphragm, is passed 
through a large chamber of air and out through a hole m the 
far end, completely avoiding the walls A uniform electric 

4 About half the energy goes to the production of ionization the rest being 
expended in excitation 

5 In one of the very few instigations of a liquid in this case carbon disulphide 
Taylor has shown tnat the proportion of energ) expended in ionization is not 
greatly different from that expended for air 

o If the average atomic numbers of tw o media are fairly close then the relative 
importance of any one type of energy-corn ersion process (Compton photo- 
electric etc,) will be similar m the two media and so the variation or the gross 
energy conversion with quality will b~ similar for the two media 


field between two parallel plates on either side of the beam 
collects the ions as fast as they are formed A measurement 
is made of the current to a snail separately-insulated section 
near the middle of one plate The length of this section and 
the cross-sectional area of the beam define an effective 
“ ionized volume ” of air, so the ionization current per cubic 
centimetre of air may be deduced — that is, the dose-rate m 
rontgens per second 7 

The details of such a measurement call for very careful 
attention, but an mtercompanson of the various national 
standards m 1931 showed that there was agreement to within 

JL % 

f The “ Thimble” Chamber 

Parallel with these developments was the gradual emergence 
of the small ionization chamber, the so-called “thimble” 
chamber, the theory of which will be referred to below The 
“ free-air ” chamber is clearly a special laboratory-instrument 
and, further, is inapplicable to the measurement of the diffuse 
radiation produced when a beam enters matter It was 
realized that the difficulty of the wall-effect of a “ thimble ” 
chamber would not arise if the material of the walls them 
selves behaved like air m its interaction with the radiation 
It was hoped that a chamber with walls, the effective atomic 
number of which, in relation to the photo-electric process, 
was the same as that of am, would give readings exactly 
paralleling those of the “ free-air ” chamber for any quality, 
i e that it would be “ wavelength independent ” Unfortu- 
nately this is not strictly borne out in practice, the precise 
reasons for the discrepancy still not being fully understood 

However, by smtable choice of such factors as the materials 
of the wall and the central electrode, the wall-thickness and 
chamber-size, it has proved possible to produce empirically 
chambers having a sufficiently close response to that of the 
“ free-air ” chamber, and the chambers can be calibrated to 
read directly m rontgens The precise quality of the very 
heterogeneous radiation within a given medium is not in 
general calculable, or even easily measurable, and so it is of 
great practical importance that the “ thimble ” chamber 
to be used should not require an appreciable quality- 
correction It is clearly also of importance that the chamber 
should be as small as possible m order to define closely the 
precise location of the measurement, and that it should be 
sufficiently transparent to the radiation not to produce an 
appreciable “ shadow” 

g Dosemeters 

“ Thimble ” chamber dosemeters may be used m the direct 
measurement of dose-rate or of dose In the first case, the 
actual ionization current is determined by measuring the 
voltage-drop across a high resistance In the second case, 
the ionization current is allowed to charge a condenser, 
the final voltage of which is a measure of the total dose In 
either case, a sensitive voltmeter of the electrometer type is 
likely to be required All insulations must be of very high 
standards, for the currents dealt with are very small, for 
example, the relatively high dose-rate of 1 rontgen per second 
produces in a chamber of 1 cm 3 volume a current of only 
one three-thousandth of a microampere In some instru- 
ments, the ionization chamber, electrometer system, and 
recording mechanism are permanently connected, ofte n with 

" If the cross section of the beam at the defining diaphragm is used In the 
calculation of the ionized volume then the dose rate so deduced refers to i 
strength of the beam at the diaphragm 
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long cables, so that readings may fee taken at relatively long 
distances from the point of measurement 

In the condenser-dosemeter, the ionization chamber is 
entirely separate from the electrometer and measuring 
devices during exposure to the radiation The ionization 
current serves partially to discharge the onginallj fully- 
charged capacity formed by the chamber itself, and any 
added condenser The charge lost is thus a measure of the 
dose This type of chamber is particularly suitable for direct 
use in body-cavities during therapeutic treatment Very 
compact units have been developed, with small ionized 
volume and large electrical capacity, so that large doses can 
be measured Chambers are now being used inside needle- 
like sheaths which can actually be inserted into the tissues, 
during treatment Condenser-chambers have the advantage 
that several may be used simultaneously, so that an extended 
field of radiation may be rapidly surveved Another par- 
ticularly suitable application is the so-called “ protection 
chamber ” for recording the dose received b\ workers owing 
to small amounts of stray radiation 

h The Measurement of Gamma Rajs m Rbntgens 

To turn again to the more theoretical side of radiation 
measurement, the desire to measure gamma radiation m 
rontgens has resulted in great advances m the understanding 
of the ionization chamber and of the energy-exchange be- 
tween radiation and matter generally Special mterest 
attached to the problem of the gamma radiation from radium, 
in particular the dose-rate produced by 1 mg of radium at 
1 cm , when filtered by 0 5 mm of platinum (to cut out the 
primary beta radiation) — the so-called specific gamma-ray 
dose-rate of radium 

As early as 1931, Mayneord estimated this quantity from 
the known energy-output of the radium gamma radiation 
(obtained by calorimetric measurements by Ellis and Wooster), 
and from the known absorption coefficient of air, to be 8 7 
r/hour, and a measurement with a “ thimble ” chamber 
calibrated by comparison with an x-ray dosemeter gave 
9 2 r/hour, in reasonable agreement Mayneord, In 1933, 
further estimated this quantity from Eve’s constant® as 8 9 
r/hour But at the same time attempts to measure the 
specific gamma-ray dose-rate directly with “ free air ” 
chambers led to values of only about one-thud of the above, 
so that there was considerable fear that the expression of 
gamma-ray quantity in rontgens was without meaning 

This disharmony was resolved by Kaye & Bulks in 1937, 
who showed conclusively that on account of the large range 
in am of the secondary electrons produced by the gamma 
radiation, the dimensions of the “ free-au ” chamber need 
to be very much greater than in the case of x radiation, 
for the equilibrium mtensity of the secondary electrons 
to be reached, and for them energy to be fully utilized in 
producing ionization The current obtained from the “ free- 
au ” chamber with gamma radiation no longer originates in 
the simple “ ionized volume ” as in the case of x rays but, 
provided the dimensions are large enough, a geometrical 
argument shows that full compensation exists and the same 
simple calculation is valid Kaye & Binks found a value of 
approximately 8 0 r/hour for the specific gamma-ray dose- 
rate of radium 

Eve s constant is the number of ion pairs per second per umt \ olume produced 
in air at l cm from the quantity of radium C in equilibrium with 1 g of radium 


Friedrich provided further confirmation in 1938 by 
measuring the ionization in a small thm-walled chamber 
suspended in air in the centre of a large hall, so that it was 
influenced solely by the secondary-electrons (in equilibrium) 
produced in the au In this way, a value of 7 8 r/hour was 
found for the constant Lastly, Taylor & Singer m 1940 
made very precise measurements with a “ free-air ” chamber 
operated at ten atmospheres’ pressure, in order to reduce 
the size, and obtained the figure 8 16 r/hour All doubts as 
to the legitimacy of measuring gamma rays in rontgens have 
thus been finally dispelled 

1 True Energy-Absorption and the Theorj of the 
“ Thimble ” Chamber 

Of greater fundamental physical importance, however. 
Was the work on the “ thimble ” chamber method of measure- 
ment, referred to several times above The essence of this 
idea was provided in 1911 by Bragg, re-discovered by 
Fricke <S. Glasser in 1925, and again independently by Gray 
in 1 929 Innumerable other workers have made contributions 
of various kinds, but it was only after Gray’s detailed treat- 
ment that an adequate insight into the problem was attained, 
and the idea of radiation-dose advanced a stage further than 
the rontgen unit 

It must be bomein mind that the rontgen is solely a measure 
of exposure to radiation — it merely describes what the beam 
of radiation will do in air, and not what it will do m any other 
medium, although it gives a good approximate guide to the 
latter in the case of light elements, such as occur, for example 
in tissue Furthermore, the energy absorption m a medium 
other than air cannot m general be calculated from the 
rontgen dose by correcting with the ratio of the absorption 
(“ energy conversion ”) coefficients of the medium and air, 
feecause normally the quality of the radiation, on which these 
coefficients depend, is unknown 

Gray’s theory removes this element of vagueness, for it 
enables the actual energy communicated to any medium to be 
deduced from measurements of the ionization produced in a 
small gas-filled cavity in that medium If E is the energy 
communicated to the medium per unit volume, J the ioniza- 
tion per unit volume of the gas-filled cavity, and p the ratio 
of the rates at which a secondary particle loses energy in the 
medium and in the gas of the cavity, and \V is the average 
energy expended by the secondary particles in producing an 
ion pair in the gas of the cavity then 
E=p WJ 

The detailed derivation and exposition of this relationship, 
called by Gray the “ principle of equivalence ” must be 
sought m the original publication There are certain restric- 
tions (i) the fraction of their energy lost by the secondary 
particles in crossing the cavity must be negligible - ’, (u) the 
cavity must be surrounded on all sides by a thickness of the 
medium at least equal to the maximum range of the secondary 
particles , (ui) the strength of the beam of radiation must 
be sensibly uniform over the cavity 10 

9 Restriction (0 is unnecessary if the gas in the cavity is of the same constitution 
as the walls 

to Strictly it must bo sensibly uniform throughout all that part of the medium 
from whLh secondary particles can reach the cavity One particular application 
of the theory Is to determine the specific gamma ray dose rate of radium bj 
measurements with a thimble chamber For a chamber wall of light el “menu 
for example graphite the energy-conversion of this quality of radiation is the 
same (per electron) as for air Thus by correcting the observed ionization in the 
chamber according to the quantity p (which 13 known) the ionization in a true 

air wall chamber is deduced The specific gamma ray dose-rate of radium 
determined in this way is very close to 8 4 r/hoor 
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In some cases, particularly in the ordinary x-ray region, 
the behaviour of small “ thimble ” chambers appears to 
deviate from the foregomg analysis On general grounds, 
it may be presumed that the conditions attaching to the 
principle of equivalence have not been fulfilled in these cases 
Although the deviations are not usually large, and the use of 
such chambers can be avoided in practice, yet the effects are 
of considerable intrinsic interest and have received much 
attention 

j The Re-definition of the Rontgen and the Extrapolation 
Chamber 

With the development of the work on the measurement of 
gamma radiation, the need was increasingly felt for a 
re-wordmg of the definition of the rontgen One reason wa^ 
the desirability of admitting the “ thimble ” chamber, 
previously excluded by the clause about avoiding walL-effect, 
as a valid device for measuring in rontgens, but more impor- 
tant was the practical necessity to disentangle the funda- 
mental dose-unit from the complexities surrounding the 
actual ionization in air in certain conditions 

For example, because of the relatively long range of the 
secondary electrons produced by gamma radiation, the 
ionization at any point may not bear any simple relation to 
the strength of the radiation-beam there, 1 e , the energy 
actually communicated to the medium at a given point may 
not come from energy-conversion of the radiation at this 
pomt, but from various pomts, depending on the geometry 
of the environment Normally, a complete compensation 
exists, and the energy converted is equal to the energy com- 
municated to the medium at the same place, but this will not 
strictly obtain ( 1 ) if the strength of the radiation vanes 
appreciably over a distance comparable to the maximum 
range of secondary particles reaching the pomt or (11) in the 
region of a boundary between two different media The 
question in such cases, therefore, is whether “ energy 
conversion ” or “ energy communication ” is to be adopted 
as the measure of dose From the point of view of biological 
effect, the latter quantity is the important one, while the 
former is, logically speaking, irrelevant, but far simpler to 
deal with in practice, and it was adopted at the fifth 
international congress of radiology m 1937 

“ The rontgen shall be the quantity of X or gamma 
radiation such that the associated corpuscular emission per 

0 001293 gramme of air 11 produces, in air, ions carrying 

1 electrostatic unit of quantity of electricity of either sign ” 

This is effectively the same as the 1928 definition with 

certain ambiguities removed 

In a detailed consideration of the biological effects of 
radiation in the borderline cases referred to above, it is 
necessary to bridge the gap between a knowledge of the 
energy conversion in air and the energy actually communicated 
to the medium For this purpose a very thin-walled chamber 
is used, the ionization in which gives an indication of the 
secondary particles (the “ corpuscular emission ”) effective 
at the point 11 The “ extrapolation ” chamber introduced by 
Fa illa is of this type The procedure is to take observations 

11 0 001293 g of air is the mass of 1 cm * of air at (P C andi 760 mm of mercury 
pressure 

i- Note that such a chamber gives an indication of the effect of the secondary 
particles on air (which is normally used in the chamber) and not on the medium 
To investigate the latter, it would be necessary to fill the chamber with a gas 
whose effective atomic number was the same as that of the medium and to know 
the energy required to produce a pair of ions m the gas Alternatively the energy 
absorption in the medium could be fairly closely calculated from that in air if 
the composition of the former is known 


with a gradually decreased spacing between the walls of the 
chamber, and extrapolate the results to obtain the value for a 
chamber of negligible width With the very high-energy 
x rays that can now be produced by the betatron, studies of 
this kind, particularly for surface-effects (1 e , at the skm of 
the patient), will become increasingly important 

HI NEUTRONS 

The consideration of the measurement of neutron radiation 
follows on naturally from that of x and gamma radiation, for 
neutron radiation also produces ionization by an indirect 
means, namely, through the agency of secondary particles 

A neutron is a material particle of mass approximately 
unity on the atomic scale, that is, its mass is very similar 
to the mass of the nucleus of the hydrogen atom, the proton 
But, whereas the proton has a positive unit elementary charge, 
the neutron has no charge at all, and so, unlike radiations 
consisting of charged particles, it is unable to drag electrons 
out of the atoms near which it passes Thus it loses practically 
no energy by ionization, and will penetrate very much greater 
thicknesses of matter than, say, a proton of similar energy 

The mteraction of the neutron is almost entirely with 
the nuclei of the atoms, and the commonest process is a 
simple collision which deflects the neutron with a reduced 
energy, and causes the nucleus to recoil with the balance of 
the original energy The average energy-transfer in a collision 
is greatest when the neutron and the nucleus have equal 
masses, and becomes progressively less as the mass of the 
recoiling nucleus increases The energy-transfer is greatest 
in hydrogen, when the neutron-energy is on the average 
reduced to about 37% at each colhsion 

In addition to these scattering collisions, a neutron may 
be captured by a nucleus and provoke nuclear disintegrations 
of various kinds, sometimes resulting in the production of 
“ artificial radioactivity” The relative probability of such 
processes is generally small, however, until the neutron has 
been made very slow by repeated collisions In the case of 
biological material, these nuclear disintegrations may usually 
be ignored in considering the energy communicated to the 
medium by a beam of neutrons It may be mentioned in 
passing that the induced radioactivity produced in suitable 
substances is of help in making relative measurements of the 
“ strength ” of a neutron beam, and in discriminating be- 
tween neutrons of different energy 

An immediate extension of the definition of the rontgen 
to include neutron radiation would not be very suitable for 
use in biology and therapy because, as pointed out above, 
the energy-conversion of the neutrons varies rapidly with the 
atomic type, even for “ light ” elements, in contrast to the 
energy-conversion of x or gamma radiation In other words, 
air is no longer a satisfactory approximation to tissue (which 
contains so much hydrogen in the form of water and various 
organic compounds) For example. Gray & Read have 
calculated that when soft tissues are irradiated by fast 
neutrons, about 92% of the energy converted goes to the 
recoil protons, 5% to the recoil oxygen nuclei, 2% to the 
recoil carbon nuclei, and 1 % to other effects, and that 1 g 
of average tissue would absorb seven times as much energy 
as 1 g of air for neutrons of particular energy about 3 million 
electron volts 

For reasons such as these, Gray & Read have proposed 
that energy-absorption in water should replace that in air for 
the purpose of neutron dosimetry The unit dose is then 
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that quantitv of neutron radiation which communicates to 
unit \olumc of water the same cncrgv that is communicated 
by one rontgen of gamma radiation (that is about 94 ergs) 
Tins unit may be thought of as an “ equivalent rontgen" 

For the actual measurement of energy -absorption in a 
given medium, use maj be made of Gray’s Principle of 
Equivalence. In a hvdrogcnous material, the "corpuscular 
emission" is predominanth composed of recoil protons 
The application of the method has been treated in detail by 
Gray A relative measure of exposure that has been widely 
used in practice is the ionization produced by the neutron 
beam in the Victorccn type of sr-rav " thimble ' chamber 
dosemeter This arbitrary unit is known as the ** n ’ unit 

IV CHARGED-PARTICLE RADIATIONS 

All charged particle radiations may be considered together, 
for they have this in common, that by virtue of their charge 
they ionize directly, and in a qualitatively similar manner 
Such radiations include electrons (beta particles), and the 
whole range of swiftly moving atomic nuclei, best-known of 
which are the helium nuclei or alpha particles, emitted by 
natural radioactive substances Of these, electrons are 
practically the only kind of radiation used as an external 
beam, and even these not widely But with the development 
of the betatron for producing very intense beams of high- 
energy electrons, the therapeutic applications may well be 
extended 

Since a: and gamma radiations produce their effects via 
the intermediary of secondary electrons, it is clear that the 
rontgen unit may legitimately be used for expressing dose in 
the case of a primary beam of electrons A measurement of 
the ionization per unit volume of air gives the dose directly 
in rontgens 15 This concept is also satisfactory for any other 
directly-ionizing radiation The ionization m a “ thimble 
chamber is now mdependent of the nature of the walls, 
provided the primary radiation is not appreciably attenuated 

18 "Hie true energy absorption for a medium of specified atomic make up could 
oc calculated from this rontgen dose 


or reflected by them Thus the dose rate of the primary 
beta radiation from ‘ unscreened ” radium plaques has been 
measured in rontgens 

In some eases the radioactive substances arc dispersed 
throughout the biological material For example, radio- 
active phosphorus is used therapeutically for leukaemia 
and biological specimens have been immersed in an aqueous 
solution of radon For such cases, slightly different 
concepts arc appropriate, for the radiation is usually 
absorbed completely within the medium Thus, knowing the 
total quantity of radioactive substance introduced, and the 
total energy emitted by each disintegrating atom, the quantity 
of energy communicated to the medium is known, le the 
fundamental biological quantity is known at the outset It 
merely remains to compare this true energy-absorption" with 
that which is produced by other radiations m order to express 
it in “ equivalent rontgens ’ This involves the adoption of 
some convention 

The actual energy liberated in 1 g of the medium may be 
compared with the energy communicated by one rontgen of 
r or gamma radiation to 1 g of air, which is a definite quantity 
equal to about 85 ergs , or it may be compared with the energy 
communicated by one rontgen of x or gamma radiation to 
1 g of the medium in question, which is not a definite quantity, 
but depends on the quality of the radiation and the nature of 
the medium In v icw of the heterogeneous nature of “tissue”, 
it is perhaps as well to base the comparison on energy- 
absorption m air 1 Thus, to arrive at the dose in equivalent 
rontgens, it is merely necessary to know the total amount of 
the radioactive material, the energy-emission per disin- 
tegrating atom, and the total mass through which the material 
is dispersed, from which is deduced the energy liberated per 
unit mass of the medium, which is divided by 85 


u Note that this energy ts determined solely by the radioactive substance and 
is entirely independent of the medium In which the substance finds itself 

i The energy absorption in water (for bard gamma radiation) le Gray’s 
energy unit is in many cases a better basis for comparison This equivalent 
rontgen corresponds to about 94 ergs per g 


[Note A comprehensive bibliography of this subject would be out of place here The following selection of references is arbitrary and m no way representative 
It merely includes work referred to explicitly in (he text and a few random papers which may serve as a possible entry-point into the literature J 
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TOTAL ENERGY-ABSORPTION IN 
RADIOTHERAPY 


FRANK ELLIS, M Sc , M D , FIR 

Medical Director Radiotherapy Department, London Hospital 

The dose of radiation absorbed at a point affecting individual 
structures, such as chromosomes, determines the local effect 
on these structures, and is the effect which is desired by the 
radiotherapist in the neighbourhood of the malignant 


any size of field, the energy absorbed at any point of the beam 
would be the same, at the same depth, as for the saturated 
pencil Thus, assuming that all the scattered radiation is 
absorbed and that none escapes from the body, the volume 
dose is estimated by the product of the area of the field on 
the skm, the dosage m rontgens (corrected to allow for the 
“ unsaturation ” of the field) and a graph-reading The 
graph (Fig 1) is obtamed by integrating the area under the 
depth-dose curve for the saturated axial pencil of a very 
large field The correction for unsaturation is the ratio of 
the dosage-rate with maximum scatter to the measured axial 
skin-dose of the field concerned 
Thus, comparing a field of 400 cm 1 and one of 50 cm 2 we 
have the following factors (200 kV, constant potential 


TABLE I 


Gramme 


No of 
radiation 

Type of 
radiation 

Type of 
technique 

Potential 

(kV) 

Filter 

Mean 

wavelength 

A 

Focal 
distance 
(cm ) 

Diameter 
of field 
(cm ) 

rontgens 
to 10% 
contour 

Ergs/cm l jr 

i 

x rays 

Rontgen 

cautery 

45 

Unfiltered 

Tube only 

0 90 

20 

1 

71 5 

36 

2 

x rays 

Contact 

therapy 

60 

Tube only 

0 2 mm Ni equiv 

0 33 

50 

4 

4 200 

730 

3 

x rays 

Deep 

therapy 

200 

1 mm Cu 

0 12 

50 0 

10 

96 560 

3,200 

4 

x rays 

Super 

voltage 

400 

(peak) 

4 mm Cu 

0 069 

50 0 

10 

1 10 000 

3,100 

5 

y rays 

1 -gramme 
unit 

— 

1 mm Pt equiv 

0014 

50 

5 

14,594 

3 020 

6 

y rays 

5-gramme 

— 

1 4 mm Pt equiv 

0013 

82 

8 

51 587 

3.060 


unit 


[From Mayneord (1940)] 


tumour To enhance this effect by variations in quality, 
dose, dosage-rate, fractionation, and total time, is one of the 
chief aims of the radiotherapist At the same time, however, 
general effects are produced by the radiation and manifest 
themselves in organs which have not been irradiated These 
effects are troublesome and difficult to avoid and, in 
attempting to correlate them with dose, I perceived the 
necessity for estimates of the total energy-absorption by the 
body I therefore asked Dr Happey to investigate the 
problem so as to provide an estimate of the volume-dose in 
“ rontgen cubic centimetres ” (r cm 0 Mayneord, however, 
was also engaged in a similar investigation on different fines, 
and had corned the terms “ integral dose ” and “ mega- 
gramme-rontgen” The latter is a more convenient unit 
and a more euphonious term, and so is to be preferred to the 
term “rontgen cubic centimetre” It is intended in this 
short paper to discuss briefly the physical approaches, 
attempts at correlation with biological effects, and then the 
practical value of the conception of volume-dose 

Phjsical Estimates 

Happey (1940, 1941) points out that the energy absorbed 
in the axial pencil of a very large field is maximal because the 
proportion of scatter is maximal If all the radiation scattered 
outside the geometrical beam were confined to it then, for 


1 mm Cu 1 mm A1 40 cm FSD) 1 

Tissue 

Field size Dose rate thickness Graph 
(cm *) (r/min ) (cm ) reading 

400 92 20 13 

50 76 20 13 


Volume dose per 
rontgen at skm 

13 x 400 x 
13 x 50 x ?! 


Mayneord approached the problem on different lines, and 
has done a great deal of work alone, and with his collabo- 
rators, on the theoretical and practical aspects of the problem 


FIG I GRAPH RELATING VOLUME DOSE PER 
RONTGEN AT SKIN SURFACE TO THICKNESS OF 
TISSUE THROUGH WHICH THE BEAM PASSES (From 

Ellis I9«) 



Thickness of Tissue in centimetres 

Abscissae=Thickness of tissue in cm 
Ordmates=r cm 3 (=gramme rontgens) per r at skm 


'[FSD Focus skin distance — Ed ] 
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His original paper (1940) described a method of integrating 
the dose b\ measuring the volume of rotation between the 
isodose surfaces of a beam b\ practical measurement of the 
moment of the area, and gnes \a!ucs for \olumc-doscs of 
different tvpcs of radiation which throw into sharp contrast 
their differences m this respect (See Table I) 

He discusses (1944) the mathematical theory of volumc- 
dose and demes the following interesting generalizations 
For a beam in which the dose-contours in u given plane- 
section are straight lines perpendicular to the axis of the 
beam, and the dose falls lmcarl> with depth, the integral dose 
is given by the product of the mass of the body concerned 
and the dose at its centre of gravitv From investigations 
made m collaboration with Clarkson (Mayneord <fL Clarkson, 
1944) on a wax model of a man, tables vv ere constructed giv mg 
the “ average ’ dose throughout a patient of a gtven thick- 
ness and a given quaht) of beam (A body of mass M 
receives an average or mean dose D when the Integral or 
Volume Dose r =D M ) This ' average dose", corrected 
for focus skin distance and multiplied by the mass of the 
patient gives the “ integral dose ’ 

Mayneord further (1945) discusses the mathematical 
theory of integral dose in radium-therapy It appears that, 
for concentric shells about a radium source, the volume-dose 
of each shell is proportional to its thickness and the number 
of milligramme-hours (mgh ) at the centre Moreover, there 
is a reciprocal relationship between the source emitting 
radiation and the volume receiving it “ The integral dose 
throughout any volume whatever due to a finite source, 
uniformly filled with radioactive material, is equal to the 
integral dose throughout the original source if the receiver ’ 
be filled with radiating material of the same uniform density ” 
A graph is given from which the integral dose per mgh for 
point-sources near the centre of an absorbing mass, may be 
read (Fig 2) For a sphere of radius a, the volume-dose 
throughout the sphere was calculated by Mayneord to be 

2= 8 3x4 -ax F per mgh 

where F = 2a + — w a jtS. 

c a — c 

c being the distance of the point-source of radium from the 
centre of the sphere, and the relationship of F to c/a is given 
in Fig 3, taken from Mayneord Examples of volume-doses 
are given for certain situations and techniques met with m 
practical radium therapy 
For example 

i In treating a carcinoma of the maxillary antrum with 
a dose of 3,000 mgh , the volume-dose is assumed to be 
that for a sphere of radius 9 8 cm and of mass approxi- 
mately 4 kg with the radium relatively centrally placed 
T = 3,000 x 0 89 = 2 7 megagramme-rontgens, 

0 89 being the graph reading (see Fig 2) 
u In treating carcinoma of the cervix uteri with a dose of 
6,000 mgh , the integral dose is calculated as about 
9 8 megagramme-rontgens, neglecting the absorption by 
the filters m which the radium is packed 

Measurements of Volume-dose 
Measurements of volume-dose have been attempted by 
Boag (1945), ustng the model constructed by Gnmmett 


FIG 2 



194$) 


(1939, 1942) This model consists of spaced plates 6 mm 
thick, of density 0 985, graphited and spaced 2 mm apart by 


FIG 3 



Curve relating 

F (= 2a +-?Lr-i ! |og e _1±J0 
c a ~ c 


tof where C is the distance of a point source of radium from 
a 

the centre of a sphere of radius o (From Mayneord 1915) 

thick washers of the same material (cellulose acetate) as the 
plates Alternate plates are connected together, thus forming 


FIG 4 



Gnmmett s ionization chamber man in position 
for treatment to the head (From Boar 19-45) 
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two groups of plates, each of which is connected to opposite 
poles of a battery with a sensitive galvanometer m circuit, 
to measure the total ionization current collected from all 
the air-gaps (i e , from the whole body) under radiothera- 
peutic conditions Under these conditions guard-rings were 
found to be necessary to prevent insulation-leakage, and 
allowance had to be made for their effect Moreover, the 
absorption-conditions for a wide range of wavelengths and 
various angles of incidence of the x-ray beam had to be 
similar to those for the human body These points were all 
dealt with, and curves were constructed from which volume- 
doses delivered with x rays of HVL 2-4 mm Cu 
can be estimated quickly and fairly accurately 2 Boag’s 
measurements indicate that the volume-dose depends prin- 
cipally upon the area and site of the field The FSD linear 
dimensions of the patient and HVL of the beam have 
much less effect 

Photographs of the model are shown m Fig 4 and 5, and 
curves representing some results in Fig 6 and 7 from Boag 
(1945) 

Mayneord & Clarkson (1944) also constructed a wax model 
for making measurements to estimate the volume-dose when 
the whole body is irradiated The actual measurements were 
made m slabs filled with the suggested powder mixture of 
Spiers (1943), and estimated both by the average-dose method 

FIG 5 



Photograph showing the 
general appearance and 
method of construction of the 
trunk of Grimmett’s ioniza- 
tion chamber “ man ’ 

(From Boag 1945) 

and by plammeter measurements of the areas between 
isodose curves m the body-section (Fig 8) Then - results 
are represented graphically in Fig 9 and 10, which show the 
volume-dose in gramme-rontgens per rontgen to the surface 
of the body (70 kg ) for various half-value layers It is seen 
that there is a rapid rise up to HVL = 02 mm Cu (= about 
100 kV with 0 15 mm Cu filter) followed by a less rapid 
change 

Value of the Conception of Volume-dose in Radiotherapy 
The volume-dose might conceivably help in deciding on 
modifications of technique, and might help m correlating 
physical dose with general effects of radiation 
It must be realized, however, that the physical methods 



FIG. 6 



O *-f, , teo XO 


Relation of volume dose to field area for irradiation 
of the pelvis Inset curve shows relation for 
rontgen dose measured without scatter, which 
IS linear up to 200 cm 2 (From Boag 1945) 

hitherto described for estimating volume-dose suffer from 
certain inaccuracies The chief of these are due to the fact 
that allowance is not made, in the physical methods, for the 
variable tissues and their densities in the human body, while 
biologically one cannot expect uniform behaviour of various 
tissues for a given physical dose 

Physical Factors 

The author has attempted elsewhere to show the effects 
of certain physical factors on volume-dose (1942, 1945) 


FIG 7 



Relation of volume dose to field area for chest Irradiation 

The lower curve is for the shorter FSD (40 cm ) (From Boag 1945) 


2 [Half value layer See footnote on p 51 —Ed ] 
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TABLE II EFFECT ON VOLUME DOSE OF INCREASED 
FSD (CARCINOMA OF OESOPHAGUS, « cm FSD 
' AND 100 cm FSD) 


200 kV 

I S mm Cu HVL 
Field sue 15 x 4 cm • 


Tunour-dose >=■ 6 COD r 
Eight fields 


FSD « 40 cm 
Field-dose = 3 *0D r 


FSD ** 100 cm 
Field-dose <=• 2 £00 r 


m */cm */r 

Field thickness (cm ) 

r cm '/c m 

13-4 

i 19 

1 1 79 

13-4 

t 19 

117° 

13 82 

. 22 

12-47 

13 82 

♦ 22 

12 -.7 

13 82 

. 22 

12-47 

13 82 

t 22 

12 47 

153 

30 

136 

153 

30 

13 6 

112 63 


100 66 


TOTAL ENERGY-ABSORPTION 

92 

60 x 101 % r cm* 

76 3 

2 05 X I0 7 r cm 3 
( 100 %) 


Field-Area 

The volume-dose is almost proportional to the field-area 
Focus -Skin Distance 

A comparison is made in Table II of the volume-dose 
using two techniques for treating carcinoma of the oesophagus 
the only difference between them for a given tumour- 
dose being the difference in FSD These estimates 
are based on Happey’s method (1941) and it should be pointed 
out that Boag’s graph (Fig 7), for a similar technique, shows 
no appreciable difference with the two FSD and gives a 
rather higher value (36 megagramme-rontgens) than either 
of the two techniques compared above 

Quality of the Beam 

The effect of the quality of the beam as determined for 
whole-body radiation has been mentioned already (see 
Fig 9, 10) Also Phillips (1942) demonstrated that for a 
given tumour-dose there is a considerable difference in 
volume-dose between techniques using 200 kV and 1,000 kV 
(see Table III) 

TABLE III 


2 CO kV 

For a tumour dose of 6 000 r 

1 000 kV 

2400 r 

Dose per field 

1 620 r 

5 030 r 

Max skin dose 

3 400 r 

67 

Volume-dose (Megagramme-r) 

41 


The Arrangement and Number of Fields 
The author has discussed (1945) the effect of these factors 
for two sets of conditions 


3 400 x 60 x 126 x r cm * 1 2 BOO x 

76 3 i 

= 3 II x I0 7 rcm* = 

(125%) i 



Shows isodose distributions in a cross- 
section of the trunk for various qualities 
of radiation (Fron Miyneorti 4 CUrloon 19-M) 
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FIG 9 and 10 FIG II 



Volume dose = 4 36 megagramme-r 
(From Ellis, 1945) 


7 is the ratio of the minimum tumour-dose to the difference 

Comparison of the values of integral dose obtained in a between the maximum and minimum tumour-doses, and is 

model patient constructed wholly of wax and in a model a measure of the efficiency of the technique It seems that, 

constructed of Spiers’ mixture for various radiation qualities other things being eaual. the arrangement which gives the 

(From Mayneord & Clarkson 19+4) . ° . ,, smlnmp-dnse 

greater economy-quotient gives the smaller voiume-aose 
a Using Ungar’s (1943) conception of the economy- Since the economy-quotient is highest when the difference 

quotient, it can be shown that the greater the homogeneity between the maximum and minimum tumour-doses is smallest, 

of dosage, the smaller the volume-dose Ungar gives it follows that the greater the homogeneity, the smaller the 

examples of arrangements of fields for treating a case of volume-dose (see Fig 11) 

carcinoma of the cervix in relation to the “ economy b Using two wedge-fields as described by Ellis & Miller 

quotient” and the volume-dose The economy-quotient (1944) (see Fig 12), the volume-dose, for 1,000 r tumour-dose 
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calculated bj me from measurements made by Boag, is 
1 42 megagramme-rontgens An appropriate technique to 
achieve the same treatment without wedge-fields would be 
to use 2 lateral 10 x 8 cm * fields and one 6x4 cm *, 
e.g, to the skull Under these conditions, the volume-dose 
for 1,000 r tumour-dose is 2 4 megagramme-rontgens — 
obviously higher than that for the w edge-fields 


Volume -dose and Tolerance -dose 

Mayneord & Clarkson (1944) by their work on whole-bodv 
irradiation have put the energy -absorption by the body under 
such conditions m true perspective, and a new aspect of the 
conception “ tolerance-dose ” has emerged For whole-body 
irradiation, the volume-dose relationships for 40 kV, 200 kV 
and gamma radiation respectively arc in the ratio of 
15 35 40, for a wide beam enclosing the body, and a very 
large FSD— le, the conditions under which radiation is 
received by medical workers In other words, for a given 
dose m “ rontgens ” to the skin — which is the present method 
of estimating tolerance-dose — the energy absorbed by the 
body may vary considerably from one type of radiation to 
another Since the biological effect considered in the inter- 
nationally accepted figure of Iff 5 r/sec is a general effect 
rather than a local one, it would seem more accurate to aim 
at a volume-dose estimation rather than a surface-dose 
It is interesting to note that the international figure for 
diagnostic x rays (.lO -4 r/sec ) is three times that for gamma 
rays, and that this ratio, d coded by experience, is of the 
order of the ratio of the volume-doses of 40 kV x rays and 
gamma rays 

The following Table (TV) shows the influence of technique 
on the volume-dose in treating cancer of various sites 

The discrimination now possible between volume-dose and 
surface-dose should permit of new standards That limiting 
the permissible general radiation should be a volume-dose, 
and that limiting the local radiation a surface-dose, which 



might presumably be higher than the figure used hitherto, 
which, in effect, has no real value for those working with 
radium 

Correlation of Biological Effects with Volufne-<jose 

The ultimate practical value of the conception of volume- 
dose will depend on the possibility of using it as a criterion 
for modifying technique, and as a means of obtaining more 


FI2 12 



Diagram of the Isodose distributions produced by combining 
two x ray beams at right angles using wedge filters (From Ellii 
4 Miller IW4) 


knowledge of the action of radiation The physical factors 
hitherto discussed indicate the manner of influencing volume- 
dose by technical variations 

Modification of technique will be considered by a radio- 
therapist only if the general effect of the radiation is of such 
magnitude as to interfere with the delivery of a local dose 



Abscissae = days after commencement of radiation The 
volume-doses received are Indicated on the curves Note 
that although the trend is marked each curve shows a rise at 
some time during treatment (From Ell« 1945) 
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General effects, as distinct from local effects, however, might 
be due to the local effects of radiation Thus, the local effect 
of radiation on the mouth and oesophagus might have a 
profound effect indirectly on the general nutrition, the 
iighttng-up of local infection might also have a marked general 
effect, while local oedema m such specialized structures as 
the lung and brain might have a marked effect on general 
well-being Moreovei, the variable structure of the human 
body makes estimates of the usual accuracy demanded in 
physics almost impossible In addition, different regions of 
the body differ m sensitivity, while the variation from one 
human being to another, due to metabolic, physical and 
psychological differences, conspires, with the influences 
mentioned above, to make difficult the correlation of 
biological phenomena with volume-dose Nevertheless, 
some attempts have been made 

The Volume-Dose Limiting Radiation Technique 

In Table IV the volume-dose for lung and oesophagus of 
about 30 megagramme-rontgens m one month is near the 
limit of what the patient can tolerate Levitt (1938), m an 
account of trunk-bath radiation, finds that the maximum 
dose to the surface which can be tolerated is 1,500 r (measured 
with backscatter), though treatment under such conditions 
has not to be stopped because of local effects, e g , on skin 
This corresponds to a volume-dose of about 30 megagramme- 
rontgens in 6 weeks Phillips (1942) found that 40 mega- 
gramme-rontgens was less than the maximum dose that could 
be tolerated in about 4 weeks m treating a rectum At the 
London hospital I find that treatment to the whole abdomen 
permits of a volume-dose of about 40 megagramme-rontgens 
m 3 weeks, so that it appears that a patient will tolerate a 
large volume-dose to a smaller part of the body more readily 
than to a large part 

Apart from therapeutic conditions such as these, it does not 
seem from Table IV that the volume-dose is likely to limit 
technique as at present developed It is possible to imagine 
conditions, however, under which such limitation might 
occur Suppose, for instance, that instead of being delivered 
in one month, a volume-dose of 7 or 8 megagramme-rontgens 
is to be given to a patient in treating a tongue in one day 
It might be that, under such conditions, volume-dose is a 
limiting factor Such a possibility is not inconceivable in the 
light of the hypothesis suggested by Gray (1944) that the 
number of fractions rather than the total time is more 
important If this is true, then techniques might be developed 
necessitating the administration of very large doses m many 
fractions in a very short time 

What Biological Phenomena can be Correlated with Volume- 

dose 0 

The phenomena must be general, as distinct from local, and 
may be subjective or objective 

Subjective phenomena such as malaise, nausea, vomiting, 
and headache are very difficult to correlate, especially since 
so many of these symptoms might be produced by general 
upsets not due to radiation 

Objective phenomena may be measurable or not Here 
we shall consider measurable phenomena only They may 
be divided into (a) blood-counts, (6) other measurements 

Blood-counts are the easiest tangible evidence to obtain 
of the effects of radiation 


Ellis (1942) tried to correlate the blood-counts, corpuscular 
volume, and other factors, with volume-dose No correlation 
was possible Fig 13 shows types of lymphocyte-count 
obtained Although there is an average trend, individual 
counts behaved very differently, even rising during relatively 
rapid administration of radiation at some part of every 

FIG 14 



megagramme— rontcens 


Curve of average lymphocyte counts of 26 patients all treated 
by a similar technique related to volume dose in megagramme r 
(From Bush 1943) 

curve Other types of cell are much more erratic Thus 
correlation m individual cases is impossible From the 
work of Bush, however, there appears almost a mathematical 
correlation Fig 14 is based on average lymphocyte-counts 
of 26 cases treated for carcinoma of the mouth, pharynx and 
larynx The possibility of individual variations as in Fig 13 
still, of course, exists Experience of abdominal-bath treat- 
ments provides the same type of curves as m Fig 13 Thus 
the volume-dose cannot be correlated with the lymphocyte- 
count (and still less with other cell-counts) in individual 
cases 

The effect of x rays on the blood-concentration of ascorbic 
acid in animals and patients has been investigated by 


TABLE V 


Diagnosis 

Treatment (200 kV) 
(tumour dose) 

Ascorbic acid mg % 
in plasma 



Before 

Immediately 

after 

Breast carcinoma 

Post-operational 
x ray 300 r 

0 501 

0 435 

Breast carcinoma 

Post-operational 
x ray 300 r 

0 836 

0 794 

Mediastinal tumour 

x ray 350 r 

0303 

0286 

Breast carcinoma 

Pre-operational 
x ray 1,200 r 

0 420 

0336 

; 


42 



BRITISH MEDICAL BULLETIN 


Krctzschmar, working \s ith the author (Ellis, 1945) There is 
no doubt that x-raj treatment reduces the ascorbic-acid 
content of the blood and of the tissues in animals, and the 
ascorbic-acid content of the blood m patients Table V shows 
a diminution of the plasma ascorbic acid during treatment 
in three breast cases and a case of mediastinal tumour 
The technical arrangements for the breast cases are similar 
m all three patients, and it is ob\ ious, on a superficial examina- 
tion of the figures, that there is a qualitatnc but not a quanti- 
tatne correlation with volume-dose e\en in these few cases 
It seems likely that the chemical changes which occur in 
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ON TECHNICAL METHODS IN X-RAY 
THERAPY 

J READ, B Sc , Ph D 

Physicist, Radiotherapy Department of the London Hospital 
General Survey 

X-ray therapy is often roughly divided into various classes — 
contact therapy, superficial x-ray therapy, deep x-ray therapy, 
supervoltage therapy — yet these classes, and the various 
methods within each, all have certain physical principles in 
common Firstly, it is desired to produce a chosen distribu- 
tion of x-ray dose through a patient’s tissues by combining 
the necessary number and arrangement of fields It may be 
considered adequate to produce more than a certain minim um 
dose throughout a region, such as a tumour, with as little as 
possible elsewhere, without caring what the maximum m this 
region may be A more stringent requirement is that the 
dose be uniform throughout the region Ungar (1943a) has 
shown that under certain conditions the total radiation 
absorbed by the body is a minimum, for a given tumour- 
dose, when that dose is unif orm throughout the tumour 
A general requirement is that the dose at the skin, where 
each beam enters, shall not exceed a certain value, account 
being taken of all contributions from other beams There 
may also be other regions where it is particularly necessary 
to keep the dose small 

Secondly, it is desired to keep the radiation dose absorbed 
by all the healthy tissues as small as possible in relation to 
that absorbed in the treated volume This requirement not 


only influences the manner m which the x-ray fields are 
arranged to give the desired dose-distnbution , it also 
largely determines the class of therapy chosen If a lesion is 
near the surface of the body, or accessible through a body 
cavity, or with the aid of surgery, it is generally better to use 
a beam of less penetration and small focus-skin distance, so 
that the dose in the healthy tissues beyond the lesion dimi- 
nishes rapidly with the depth m the tissues A rough measure 
of this total body-dose is obtained by summing the product 
of dose and volume throughout the body, though it is evident 
that this is only a rough guide, as the susceptibility to radia- 
tion of each element of volume as well as the dose there 
determines the aggregate effect (Ellis, 1946) 


FIG I sc I50D0SE CURVES FOR A CONTACT-THERAPY 
FIELD 
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Field I cm circle, focus skin distance 2 2 cm radiation generated 
by 45 kV and filtered by 2 5 mm aluminium HVL I 6 mm 
aluminium (Mayneord l 9 - 43 i } 
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The possible ways of combining x-ray fields to produce a 
desired distribution are studied with the aid of isodose 
charts Typical charts are shown in Fig la (for a low- 
voltage contact-therapy tube), and Fig lb (for a deep- 
therapy tube) (Mayneord, 1943a) The dose-distribution in 
a plane through the body due to a certain field is described 
by curves, which each join points of the same dose-rate 
expressed as percentages of that at the centre point of the 
field on the skin Strictly speaking, these charts are not 


FIG lb ISODOSE CURVES FOR A DEEP-THERAPY 

FIELD 



Field 6 cm circle, focus-skin distance 50 cm , radiation generated by 
200 kV and filtered by I mm copper and I mm aluminium, HVL 
I 5 mm copper (M»yneord 1943a) 


obtained by measurements in the human body, but in a 
“phantom” constructed of material the absorption and 
scattering of x rays of which approximate to that of tissues 
Generally water is chosen, but sometimes wax, mixtures such 
as nce-flour and sodium bicarbonate, and “ pressedwood ” — 
compressed wood-pulp boards — are used Also, for the sake 
of standard conditions, the measurements are made in a 
phantom large enough to approximate to a semi-mfinite 
slab Deviations from these charts which are likely to occur 
m practice, due to the nature of the human body, are con- 
sidered later 

When a suitable distribution of fields has been chosen to 
give a desired dose-distribution on paper, means must be 
found to direct the x-ray beams sufficiently accurately to 


give this distribution in practice If the absorption of the 
radiation m the healthy tissues is to be a minimum, beams 
no wider than necessary must be used This makes accurate 
aiming very important Rarely is more than one tube used 
at a time , usually a single tube is directed successively in 
the desired ways This may be done by adjustment of the 
tube-applicator to skin-markings, with orientation of the 
tube to calculated angles To assist in this, numerous beam 
direction devices have been developed Alternatively, jigs 
can be made, which are attached to the patient in fixed 
positions, and aid m the correct adjustment of the tube 
Finally methods must be mentioned m which there is a 
relative rotation of x-ray tube and patient, so that the axis 
of rotation and the x-ray beam pass through the tumour 
roughly at right-angles to each other 
The desirability of beams being no wider than necessary 
was mentioned earlier A broad beam provides a greater 
depth-dose than a narrow beam, as the dose is enhanced 
by the scattering from a greater block of tissue Beams 
broader than the tumour cross-section have been used to 
give an adequate tumour-dose at a depth, but it is preferable 
to use more beams with a cross-fire technique, or use a more 
penetrating radiation, so that the minimum beam-width will 
suffice 

Illustrative Dose-distnbutions 

a Single fields These are suitable for treatments where 
the maximum dose must be given to the surface In this 
case it is desirable that the dose-rate should decline rapidly, 
and an easily absorbed x-ray quality, i e , one generated by 
a relatively small kilovoltage, is therefore chosen— -the 
so-called Chaoul or contact therapy Meredith (1940, 1945) 
has shown that the dose received by the first millimetre or 
so of tissue is appreciably altered by secondary radiation 
from the applicator and metal parts in the tube, and can be 
reduced in relation to the dose at 5 mm depth by spraying 
the applicator with aluminium pamt and covering the tube 
window with aluminium foil 
b Multiple fields When it is desired to produce a fela- 
tively uniform dose-distnbution through a volume, or to 
dose a tumour at a depth to a greater degree than the skin 
at the area of entry of the x rays, it is evident that a number 
of beams must be used which all include the tumour, but 
enter through different skin areas The simplest case is that 
of two oppositely-directed beams This is useful in the 
treatment 6f the lip, eyelid, or nose, by contact therapy, and 
gives a fairly uniform dose-distribution (Flood & Smithers, 
1939) It has been discussed by Smithers (Honeybume, 
Lamerton, Smithers & Mayneord, 1939) and by Wilson 
(1943a) With the usual deep-therapy conditions — 40 to 
100 cm FSD (focus-skin distance), about 1 mm copper 
HVL (half value layer) 1 — a dose varying between 90% 
and 105% of the skin dose (the sum of contributions 
from both fields) can be Obtained through a thickness of 
about 12 cm , i e , the diameter of the average neck 
Two fields at right-angles give a region of maximum dose 
on the bisector, and nearer to the apex of the angle than the 
point of intersection of their axes Wilson (1942a) has shown 


Sec footnote on p 51 — Ed J 
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that this can be put to advantage, for example in the treat- 
ment of a tumour of the lung, situated near the anterior 
chest wall (Fig 2) 

Skill in arrangement of multiple beams is acquired by a 
study of existing dose-distnbutions, of model isodose surfaces 
(Mayneord, 1943b), and by trial arrangement of isodose 
charts and modifications of these arrangements A few 
examples are giv en below When the beam axes are co-planar, 


FIG 2. FIELDS PREARRANGED USING DOSE 
CONTOURS 



Tumour uniformly irradiated with maximum dose equal to 
120% of maximum skin dose 2 10x8 cm fields only 

Irradiation of a tumour of the lung near the anterior chest 
wall by two fields at right angles The maximum dose occurs 
on the bisector of the angle between the fields, but nearer 
to the apex of the angle than the point of Intersection of the 
axes of the two beams The fields are arranged to give this 
region of maximum dose at the site of the tumour 
(Wilion 1 90s) 

the case is simpler Wilson (1942a) has shown an arrange- 
ment of three fields to give a good dose-distribution for 
treatment of a larynx (Fig 3) A case in which it is desired 
to keep the x-ray dose low over a region is in the treatment 
of the cervix uten by combined x ray and radium Intra- 
uterine and vaginal radium applicators, which give an 
adequate local dose, give too little to the more distant parts 
of the pelvis, which must therefore be dealt with by x rays 
The beams are directed to give maximum effect at the lateral 
wall of the pelvis, but be limited where the gamma rays are 
effective, the two together giving a uniform distribution 
Reference should be made to papers by Walker (1940), and 
Sandler (1943) for diagrams which give the dose-distnbution 
throughout the pelvis 

More complicated cases of summation of three and of 
four beams, whose axes are not co-planar, have been given 
by Lamerton and Mayneord (Honeyburne, Lamerton, 
Smithers & Mayneord, 1939) and by Ungar (1945) respec- 
tively Ungar develops methods of treating vertebrae with 
200 kV radiation which give a dose at the lesion about 
1 4 times as great as that at any skin area, except for certain 
small field-overlaps not exceeding 5 cm 2 
The method of rotating the patient (or tube) carries the 
multiple-beam technique to the limit, where the skin area of 
entry of the beam becomes a continuous belt round the 
patient Nielsen (1945) has described the application of this 
method in the treatment of cancer of the oesophagus The 
patient sits on a stool which rotates him once in about 15 
minutes about an axis along the oesophagus, which is 50 cm 
from the tube-focus A narrow beam is used, and to ensure 
that it includes the oesophagus the shadow pattern of this 


beam is viewed on a fluorescent screen With radiation of 
0 9 mm copper HVL the skin dose on the anterior and 
posterior surfaces is 40%-50%, and in the axillae 25%-35% 
of the central dose The longer radius from the axis of 
rotation to the axilla gives the skin in this region a greater 
linear velocity, so that it more quickly crosses the x-ray beam 
Jensen (1945) has described irradiation of the pelvis with a 
tube which rotates through 180° about an axis in the supine 
(and then prone) patient Various modifications are possible 
in these methods — the shutter can be closed during part of 
the rotation, the angular velocity can be varied at different 
parts of the arc, and by tilting the beam-axis at an angle to 
the axis of rotation, first in one direction and then in the 
other, the tumour can be irradiated through two zones of 
skin to provide a still greater ratio of tumour- to skin-dose 
In the last case, however, the position of the maximum dose 
may be shifted along the axis of rotation away from the 
point of intersection of the beam-axis 
c Wedge fields Ellis &. Miller (1944) have shown that 
an x-ray beam can be so modified by a wedge-shaped filter 
that two such fields at right-angles, with the thick edges of 
the wedges contiguous, give a fairly uniform dose-distnbution 
through the block of tissue of which the two fields are 
adjacent sides The dose declines rapidly outside this block 
The single field with the wedge-filter, and the two fields added 
at right angles, are shown in Fig 4a and 4 b To produce a 
field like 4a the wedge must cause a very considerable 
absorption, so that the useful dose rate is seriously 
diminished However, if adequate dose-rate is available, 
the arrangement is very convenient for the irradiation of 
lesions situated a few centimetres deep to the skin, and is 
specially suitable to use with a jig to give accurate direction 
of the beams 


FIG 3 FIELDS PREARRANGED USING DOSE 
CONTOURS 



Arrangement of three fields with co-planar axes to give a 
relatively uniform dose-dtstnbution through the larynx 
I 4 times that of the maximum skin dose 
(Wilson 19-Os) 

When a number of fields are chosen to give a uniform 
dose -distribution a complete set should be administered to 
a patient at one treatment, and not at intervals of a day or so 
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fsodose curves as modified by a brass wedge-filter of maxi- 
mum thickness 6 3 mm Field 8 x 8 cm , focus skin distance 
HVL of the radiation I 5 mm copper 
(Ellis & Miller 1944) 


FIG 4b 



Dose-distribution of two fields of type illustrated in Fig 4a, 
arranged at right-angles, the positions of the thick edge of 
the wedge being contiguous The distribution is fairly 
uniform through the block of tissue enclosed by the fields 
and declines rapidly outside 
(Ellis & Miller 1944) 


Methods of Study of the Dose-distribution from a 
Number of X-ray Beams 

Most x-ray treatments require for their study the summa- 
tion of the dose-distributions of several beams If the axes 
of these beams are co-planar, the distribution in that plane 
can be found by superimposing, m the correct relative 
positions, isodose charts drawn on transparent sheets, and 
summing them in succession at the points of intersection of the 
curves A convenient method is that of Ungar (1943b), who 
cut blue-base film (discarded diagnostic x-ray films freed 
from gelatine) to the shapes of isodose curves, and stacked 
them, so that points which had, for example, percentage 
dose-rates of 60-70 had six thicknesses of film below them 
Put on a viewing box, the depth of colour showed the 
range within which the percentage dose Jay, and when one 
set for each beam was overlapped, the summation isodose 
curves could be drawn on a superimposed celluloid sheet by 
consideration of the depth of colour 

For a knowledge of the dose-distribution throughout a 
volume, a summation of dose m parallel planes is desirable 
Also, if the x-ray beams are not co-planar, isodose curves 
in planes which do not contain the beam-axis are necessary 
When the beam has circular symmetry, there are geometric 
methods by which isodose curves m any plane can be drawn 
from those m a plane containing the axis However, 
Mayneord (1939a) has devised an instrument, the “dose 
contour projector,” which enables this to be done much 
more easily Flanders (1943) has described methods by 
which sections through isodose surfaces can be made visible 
by arranging a thin plane sheet of light to cut semi-transparent 
models The isodose curves in the required section can be 
sketched in with the aid of a camera obscura, and this method 
can be used with beams which have not circular symmetry 

Another instrument devised by Mayneord (1939a) is the 
“ dose finder”, which aids in a study of dose-distribution in 
three dimensions A dummy applicator is adjusted to a shell 
moulded to the shape of the part of the body under treat- 
ment The shell is then moved 20 cm from the applicator, 
into which is plugged a plane carrying isodose curves (when 
there is circular symmetry), so that they occupy the correct 
position in space m relation to the applicator A rod, with 
pointers at right-angles 20 cm apart, is so arranged that 
when one pointer is adjusted to a chosen point in the shell 
the other pointer gives the corresponding position in the 
region of the isodose curves The plane carrying these 
curves is rotated about its axis until the pointer touches it, 
and the dose is read at the point of contact Rectangular 
fields can also be studied with a slightly more complicated 
arrangement (Wilson, 1942b , Mayneord, 1943b) Light- 
beams have been used instead of mechanical pointers (Spiers, 
1940 , Wilson, 1942b) From a study of each field in turn, 
the dose-distribution due to a number of beams can be 
plotted in a number of parallel planes through the treated 
region These can be drawn on glass plates, which also 
carry anatomical drawings, and stacked in correct relation 
to each other, so that a three-dimensional representation o 
the dose-distnbution and anatomical features is obtained 
(Mayneord, 1943b) 

Means of Realizing a Desired Dose-distribution 
If the paper plan of fields to produce a chosen distribution 
of dose is to be successful, the fields must be applied to t e 
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patient accurately Various appliances have been dc\ iscd to 
male this easier and quicker First, the centre of the region 
it is desired to treat must be located radiographically — by 
relating it to bone or soft-tissue shadows, b> insertion of an 
inactive gold seed, skm clip, small balloon-catheter con- 
taining iodine, lead-shot catheter, lipiodol, or gelatine-barium 
pellet, or by barium- or thonum-air contrast, according to 
the site Skm markings arc used to gne two lines which 
intersect at this point Or the vertical depth below a skin 
marking can be found by standard radiographic methods 
This localization must be done with the patient in the exact 
position he is to occupy during treatment (Green, 1943) 

The x-ray tube can then be set to angles measured by a 
“ parallelogram beam director ” or “ arc beam director’’, 
which is remo\ed before adjustment of the tube, or to lines 
scribed on a protractor spanning the patient, or arc attached 
to the tube Simplest of all, a sheet of cardboard is cut to 
fit the contour of the body, and the lines along which the 
applicator should be directed are drawn on it 

A second method is the use of a calliper, fixed to the 
tube, which carries a pointer co-incident with the beam-axis, 
which can be made to slide to touch the patient at the point 
of emergence Greens calliper will also indicate points 
at known distances normal to the beam-axis — a help 
“when setting glancing fields — while Grimmctt has adapted 
a calliper to give audible warning if the patient moves 
appreciably from the correct setting (Ellis, 1943 , Wilson, 
1943b , Dobbie, 1943 , Grimmett, 1943 , Green, 1943) 

Mayneord (1939b) has described an optical device which 
shows the exit-point of the beam-axis by a light-spot on the 
patient A small lamp can be arranged in an applicator to 
give a beam of light along what is later the x-ray beam axis 
A tube with cross-wires and sighting-aperture, at the other 
side of the room, is aligned with this light-beam The tube 
can also throw a light-beam back in the same direction, so 
that, when the patient is adjusted to the applicator, a light- 
spot on the patient shows the position of emergence of the 
beam The use of this appliance in the treatment of 
oesophageal growths is described by Adams (1939) It 
eliminates error due to whip in mechanical callipers, but has 
the disadvantage that the patient must be adjusted to the 
applicator, which must not be moved out of line with the 
light-beam 

By “jig” is meant an appliance which can be fitted to a 
patient m a reproducible position, and which has surfaces or 
sockets in correct positions, to which the applicator is 
adjusted A simple illustration is the jig to ensure that 
two wedge-fields are applied to a patient correctly at right- 
angles The jig is formed of two “ perspex ” (a transparent 
plasUc) plates, each the size of the applicator end, and 
fixed at right-angles to each other It is adjusted on the 
patient so that the block of tissue it is desired to treat is 
within the right-angle Skin markings are made so that 
it can be replaced m the same position A metal replica is 
substituted for the perspex one, and any space between 
it and the skm is filled with “ radium compo ” (see below), 
a thermoplastic matenal The radium-compo mould is 
detached from the metal replica, and used m the same position 
m the perspex jig The fact that the radium-compo has taken 
the shape of the body, together with the skm markings, 
makes it easy to replace the jig m the same position for each 
treatment It is a simple matter to bring the x-ray-tube 


applicator into contact with each plane surface m turn 

Flood <£. Smithers (1939) illustrate a nose built up with a 
wax mould to form a parallel sided slab to aid in the correct 
adjustment of two opposed fields 

Another method is to produce a rigid shell, to fit the part 
of the patient’s body under treatment, from plastic materials 
— mdrose, plaster bandage, or bexoid — and to cast on it 
wax sockets into which the applicator will slip m correct 
positions (Dobbie, 1943) 

The radium-compo or wax not only helps m the correct 
fitting of the jig to the patient, but also fills up air-spaces with 
tissue-hke material, so that the standard isodose charts give 
the correct dose-distribution 

It is also necessary that the correct quantity of dose should 
be given to each field Frequently this is done by making a 
daily measurement of the x-ray output of the tube, and then 
controlling the doses by stop-watch and adjustment of the 
tube milliamperes and kilovoltage The latter are often 
difficult to keep in correct adjustment, especially when radio- 
graphers must watch more than one tube, and the switching 
on and off of tubes affects the line-voltage The aggregate 
error in a dose may be considerable, and can be avoided by 
the use of an integrating dosemeter with an ionization 
chamber built mto the master-cone of the tube on to which 
the \ an ous applicators fit Such a dosemeter has been 
develojped by Farmer (1944) 

Theory and Practice 

It is evident from the above discussion that much effort 
can be spent on the study of dose-distnbutions based on 
sets of isodose curves It is therefore well to consider to 
what extent the actual dose-distnbutions obtained in the 
human body may differ from the charts The latter are 
usually based on measurements made in water, so that one 
step is to consider what differences are to be exjiected in the 
body However, although in the ideal, water-phantom 
measurements should be made for each individual tube and 
applicator, m practice this is too time-consuming, and 
usually a radiotherapy centre assumes that published charts 
of depth-dose values for the same quality of radiation, 
focus-skin distance, and field area, will apply Tables of 
depth-dose values based on a survey of published values 
have been compiled by Mayneord & Lamerton (1941) and 
by Quimby (1944) 

There are considerable differences between British and 
American values This may be due to the use of different 
phantom-materials — pressedwoods, wax, and nce-flour, in 
addition to water , to different types of ionization chambers 
— the thim ble chamber and the extrapolation chamber 
(Failla, 1937) , or even, perhaps, to the prevalence 
of a different type of tube in the two countries Oil- 
lmmersed tubes, where the beam emerges through a 
layer of oil, seem to give a more rapid diminution of dose- 
rate with distance, near the tube, as the oil, by scattering, 
acts as a secondary source nearer than the focus Spiers 
(1943) has compared the behaviour of a number of materials 
with water, as phantom-materials Paraffin-wax and nce- 
flour differed in the 200 kV range, and pressedwoods in the 
100 kV range (Braestrup, 1944) The most suitable substitute 
for water (suitable also for the filling of scatter-bags) for the 
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200 kV range was a mixture by weight of about 60% rice- 
flour and 40% sodium bicarbonate 

When jigs are fitted to the body with wax moulds it is 
important that the wax should behave towards the x rays 
in the manner of water Some of the dental waxes are much 
too absorbent, being loaded with' elements of relatively high 
atomic number If a dosemeter is immersed in a water- 
phantom, and a piece of wax, etc , be interposed between the 
dosemeter and the x-ray source, the change m dosemeter 
reading is an index of the difference of the wax from water 
Slabs 3 cm thick gave the following diminution of dose- 
rate parabar (gum kauri, steanne, and magnesium silicate), 
12% , perspex, 4% ; radium compo (gum kauri, steanne, 
and charcoal powder), 17% 

If it is desired to use isodose charts in the study of treat- 
ment of parts of the body of smaller dimensions than the 
phantom, eg, the neck, then the body must be built up 
with scatter-bags approximately to the full size Reinhard & 
Goltz (1945) have studied the changes produced by the lack 
of an adequate thickness With radiation of 0 9 mm copper 
HVL, about 5 cm of material beyond a point of measure- 
ment is necessary to give adequate backscatter there , 
differences could be observed 8 to 10 cm preceding the exit- 
surface The exit-doses were less than those in a deep 
phantom by 20% for a 10 cm thickness, 29% for a 20 cm 
thickness, and 16% for a 30 cm thickness 

Sometimes a better dose-distnbution can be obtained by 
discarding scatter-bags Reinhard & Goltz (1944) have 
shown how isodose curves for beams incident at an angle 
to the skin, are affected by omitting scatter-material from the 
wedge-shaped space between applicator and skin 
Considerably greater depth-doses were obtained towards the 
margin of the beam remote from the applicator-edge in 
contact with the skin 

Even though it is not possible for a radiotherapy centre to 
explore, m a water-phantom, all the fields used, a few check- 
measurements should be made, as wide deviations from 
published values may occur It cannot even be assumed that 
an applicator-end is filled with radiation , sometimes strips 
as wide as 1 cm at the sides are almost devoid of radiation 
This might be particularly detrimental when glancing-field 
techniques are used Studies of the distribution of dose-rate 
in air across various fields have been published by Thayssen 
(1945), Jacobsen (1943), and Atlee & Trout (1943) Some- 
tunes fields are badly asymmetric Ways in which these can 
be improved by specially-designed filters have been described 
by Spiegler (1945), Meredith & Stephenson (1943), and 
Flood & Smithers (1939) 

There still remains the possibility that dose-distributions 
in the human body may differ from water-phantom measure- 
ments The bones are more absorbent, particularly of the 
radiations of longer wavelength, and beams which are 
tangential to, say, the ribs or skull, are likely to be con- 
siderably affected The lungs and air cavities, on the other 
hand, will give a greater transmission than water Quimby, 
Copeland & Woods (1934) made an extended series of 
measurements with 200 kV radiation filtered by 0 5 mm 
copper and 2 5 mm aluminium, both m a cadaver and in the 


vaginas of patients who were irradiated both from the 
anterior and the posterior surfaces of the pelvis Backscatter 
factors agreed well with water-phantom values for all fields 
of irradiation Depth-doses in the pelvis were also m 
agreement, but through the chest they became progressively 
greater Measurements in the thigh agreed with water 
measurements until the bone was reached, beyond which 
they were up to 30% less Measurements of radiation 
transmitted through the head of the humerus also gave 
definitely lower depth-dose values 

The present author has measured the transmission of 
radiation of quality 0 9 mm copper HVL passed antero 
posteriorly through the mid-region of a patient’s lung 
A dosemeter sandwiched between the applicator and chest 
wall measured a backscatter factor of 1 33, compared with 
the water-phantom value 1 31 The dosemeter was then 
arranged at the beam’s exit-point on the posterior surface 
17 cm from the applicator, and scatter-bags were packed 
around it to give a measurement comparable with that at a 
depth of 17 cm in a water-phantom The depth-dose was 
20 5% compared with 11% in water The fact that the 
backscatter factor was unaltered suggests that the diminution 
of scatter from any particular part of the lung is compensated 
by the less absorption of this scattered radiation on its way 
to the point considered Accordingly, it is assumed that any 
pomt m the lung will receive the same amount of scattered 
radiation as the corresponding point m water, but the 
primary beam will be less absorbed If the primary beam has 
passed through a distance d cm of lung tissue of density 
p g /cm * this is equivalent in absorption to only pd cm of 
water The radiation which reaches any pomt in the water- 
phantom can be divided into primary and scattered radiation 
by the method of Meredith & Neary (1944) At 17 cm deep 
in water, a surface-dose of 131 provides a primary beam-dose 
of 2 20 and a scattered radiation-dose of 12 8 The absorp 
tion coefficient in water of the primary beam is 0 19 cm ', 
and if we assume there is a 12 cm path in lung tissue of 
density about 0 3 this is equivalent to 3 6 cm of water 
Therefore the primary beam value 2 20 must be increased 
by a factor e+ tu ’ xB4 — 544 , ie, it becomes 12 0 
The total dose should therefore be 24 8, and the corresponding 
depth-dose 19% This agrees reasonably with the measured 
value 20 5 %, and suggests that this method could be used to 
deduce doses in lung tissue 

Conclusion 

It has been the purpose of this paper to survey what seem 
to the physicist the best technical methods in x-ray therapy 
However, they have been developed m many centres, and it 
is doubtful whether there is any one centre which employs, 
as a routine, a very large proportion of them 

Each radiotherapist develops his own methods There 
are, for example, many skilled radiotherapists who prefer to 
direct the beam by judgment, usmg no special device, except, 
perhaps, to indicate the position and direction of the centra 
ray It may be argued that physical methods can 
developed beyond the clinically useful pomt, and readers 
should refer to a communication by Jacobs (1939) on this 
question 
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Technique m the therapeutic use of radium has been dev eloped 
as a result of the changing outlook of the therapist Surgeons 
were quick to employ radium when proper appliances had 
been devised for containing and manipulating this substance, 
but the tendency now is towards a diminishing use of 
radium by surgeons for implantation into the tissues 
Dermatologists were no less ready to treat lesions of the 
skin with preparations of radium that could easily be applied 
to the surface of the body By suitable choice of metal 
enclosure the therapist could carry out this kind of work 
with beta-plus-gamma or pure-gamma radiation This 
technique survives, but it is unusual to use beta-ray sources 
except for lesions which are essentially skm lesions Gynae- 
cologists have been perhaps the most outstandingly successful 
of radium therapists, because their work has led to far less 
actual surgery m uterine cancer, and the miseries of uterine 
haemorrhage promise to be a thing of the past 
The advances m technique fall into natural groupings 
which have been determined in one of two ways, e g , a new 
technique may be developed as the result of a new medical 
point of view, for instance, the substitution of surface for 
interstitial applications largely arose from the view that 
damage to the tissues was to be avoided at all cost , or again, 
a new technique was developed as a result of the ingenuity 
<>f physicists in preparing radon sources which can some- 
tunes be used m preference to radium But no amount of 
ingenuity in itself can make any headway in treatment unless 
1 is embodied in an instrument or m a process which con- 
v moes the therapist of its undoubted utility and safety 

External Irradiation 

The range of this method vanes from the application of 


a few milligrams in the form of a capsule to the use of 10 
grams at a time At the present time considerable diversity 
of opinion exists about the utility of these gram units (the 
use of the deplorable term “ bomb ” for these units is happily 
declining) What need is there for mounting 5 or 10 grams 
of radium mto a single unit as a gamma-ray source when 
this type of radiation can so nearly be duplicated by x rays ’ 
The argument may, however, be presented with equal logic 
the other way round , why go to the trouble of installing 
complicated and expensive apparatus which will almost 
certainly have to be discarded after 10 years’ service, when 
one can have a most useful source of radiation requiring 
tittle apparatus and a minimum of servicing by a staff of 
engineers, a source, moreover, that shows an inappreciable 
decline over the same period of time 0 

As a matter of fact, there are very good reasons why one 
source does not exclude the other It is true that the quanti- 
tative yield of penetrating x rays from a modem tube at a 
quarter of a million volts far exceeds that from a 10-gram 
radium unit (perhaps 10 tunes as big), but the latter has 
many advantages It is often easier to apply to the patient, 
it is especially suitable when repeated and prolonged treat- 
ments are needed, and its servicing is so effective that one 
can almost say that these units do not suffer from breakdowns 
So it may reasonably be expected that these units, ranging 
from 1 to 10 grams of radium, will become more and more 
used, provided that the present downward trend m the cost 
of radium continues 

Infra -cantary Irradiation 

The introduction of radium (and radon) mto the natural 
cavities of the body when they are the seat of disease has been 
developed on lines which ensure as far as possible an adequate 
dose to the malignant regions with no overdose to the normal 
contiguous structures This is most successfully done 
perhaps, in the treatment of cancer of the uterus and m buccal 
cancer, but when growths originate in the rectum or 
oesophagus there are greater difficulties in ensuring the 
necessary conditions 

In the treatment of uterine cancer, radium is put mto tie 
body of the uterus, the cervical canal, and the fomices, by 
means of special applicators containing radium m platinum 
thick enough to ensure that practically homogeneous gamma 
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rays are being used Supplementary to this disposition of 
the radium, every effort is made by the use of packs to keep 
the normal tissues well away from the zones of most intense 
irradiation This is also attempted when radium is applied 
to the rectum in cases of malignancy , one of the most 
successful appliances is that devised by Margaret Tod, who 
arranged the radium inside a pneumatic device which could 
be expanded in situ , this helps to push the normal structures 
away from the irradiated zones 

For growths of the oesophagus, the device of Souttar 
allows the mtroduction of radium into the lumen of the 
oesophagus, but immediate contact is prevented by means 
of a Souttar’s tube, which holds the radium axially 
A valuable measure of control and protection is afforded by 
this device 

Interstitial Radium 

Dominici was among the first to introduce radium 
enclosed in platinum into the tissues , the method was 
developed so that large volumes of tissue such as occur in 
mammary cancer were penetrated at many points by radium 
tubes 6 cm or more in length with a diameter of several mm 
An extensive though not uniform irradiation of the malignant 
process occurred under these conditions, but the disad- 
vantages of the method, with its associated trauma, brought 
interstitial work into disfavour, and to-day it is probably 
true to say that if radium therapy can be carried out without 
recourse to interstitial methods then it is so done But 
nevertheless there are several sites where such methods are 
still the best , for instance, lesions of the tongue where, 
owing to involuntary movement, it is almost impossible to 
use any other method properly 

No account of interstitial methods in treatment would be 
complete without mention of radon technique The gas 
from radium can be purified so completely that one can 
handle quantities that represent extreme purity , the volume 
of 1 curie is just less than 0 6 mm and one gram of radium 
in solution can yield 25 curies during the course of a year, 
so that the total volume of pure gas is only 15 mm 3 , the 
refinements of technique allow this to be shared among no 
less than 10,000 capillary tubes which, when mounted in 
platinum, serve as gamma-ray sources, then: lengths ranging 
from 5 mm to 3 or 4 cm 

In any technical discussion upon the use of radon it soon 
becomes apparent that, in spite of contra-indications, it 
continues to be used because objections are outweighed by 
advantages It can be said that the outstanding advantage 
is the adaptability that attends its use , m other words, the 
size, shape, content and filtration can be altered to suit the 
clinical need of the moment , moreover, radon “ seeds ” 
can be inserted into the tissues and left there without danger 
to the patient Against this we have the decline of its 
activity, which renders it unsuitable for treatment which lasts 
more than a few days, the high cost of running a radon 
centre, and the danger to technicians engaged in the work 
of purification and concentration of the radon 

Therapeutic Anns and Methods 

The three outstanding technical methods of using radium 
(and radon) m treatment have been discussed It remains 
to say something of what is the aim behind these methods 
Whatever the radiotherapeutic method m treating malignant 
disease, the aim is certainly to destroy all malignant cells. 


but it is equally certain that in many cases this is quite 
impossible if any regard is paid to the normal tissues of the 
body of the patient In most cases this is due to the fact that 
growths are ill-defined in their extent, and this being so, it is 
evident that unless irradiation is extended well beyond the 
probable limits of the growth, some of the malignant cells 
will escape We are, in fact, dealing largely with probabilities, 
not certainties, in the treatment of malignant disease , and 
an experienced radiotherapist is more likely to discern these 
probabilities than an equally clever but less experienced one 
On this basis, it is evident that technical methods are develop 
ments of ingenuity in the best means of balancing the 
manifold considerations that are involved in the irradiation 
of a malignant growth 

There is indeed a wide difference in outlook between 
those who, for instance, plan an extensive irradiation of a 
breast-tumour by the implantation of radium needles, and 
those who seek the same end by the use of externally applied 
gamma radiation which can be repeated at intervals deter 
mined by the day-to-day response of the organism It is the 
latter working philosophy which originated in the French 
School, and which has been given a rather different orienta 
tion by the work of Spear and his colleagues of the Strange 
ways Laboratory, Cambridge , here, m fact, is a technical 
method which combines the virtues of sound biological 
intuition with the asset of rigid physical control 

If technical methods are to be improved, there must be 
a happy balance between biological probabilities and physical 
certainties , it is well, however, not to insist too much on 
the latter Isodose curves are usually derived from measure 
ments upon media having about the same density as the 
average of the tissues concerned in treatment, but there need 
be no insistence on the general crudeness of any such 
similarity Any assessment of the differential response of 
the various structures of the body to irradiation is a matter 
not for the physicist but for the radiologist It need not be 
emphasized that judgment upon this crucial matter will 
depend not only upon the clinical sense of the radiotherapist, 
but on his pathological knowledge It is one of the greatest 
claims to eminence m the field of radiotherapy, that t e 
French School, led by Regaud, and now by Lacassagne, as 
so persistently maintained that this pathological knowle ge, 
not only of the nature of malignant growths but of teir 
individual reactions to irradiation, should be the basis o e 


nentific method , 

A few words may be said about technical metho 
idium therapy other than in malignant disease One o 
lost successful applications is m the treatment of u erin 
aemorrhage, and it is somewhat remarkable that, m spi 
f the generally good results obtained, there is a consi e j. 
ifference in the dose employed at different c ^ nics , 
l the study of this condition it was found that e 
iquired to bring about a cessation of the 
vmptoms varied with the age of the patient The o 
uotation is taken from Elizabeth Hurdon, Cancer J 
terus (London, 1942) , 

“ The treatment of simple metropathic haemorrhage dcpe^ 
artly upon the age of the patient, but the seventy of a)s0 

ae to haemorrhage, and the P^ence of myomat^ have ^ 
> be considered The cases are divided into three gro p 
ilation to the age incidence and the reproductive fun 


age 
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Group II Child-bearing period — patients from 20 to 40 
years of age 

Group III Includes the menopausal, 40 to 50 years of age 
and post menopausal cases 
Typical doses for each age group arc as follows 
Group 1 250 to 300 mg hr 

Group II 600 to 750 mg hr 

Group HI 1,100 to 1,200 mg hr 

Screenage is 1 mm platinum and 1 5 mm rubber ” 

It will be seen that the biggest dose found necessary m the 
treatment of this condition is 1,200 mg hours (50 mg for 
24 hours), jet there are manj British workers who consider 
that treatment is not adequate with less than 48 hours' 
exposure, using 50 mg of radium The question anses, in 
Mew of the fact that the technical methods are practically 
identical, as to why this wide disparity of doses continues to 
operate. If the bigger dose is indeed necessary, how is it 
that 97% of the menopausal cases cited by Hurdon remained 
well without further treatment 7 On the other hand, if the 
shorter exposure is adequate, what purpose is served by a 
more sere re one 7 


Technical Methods In the Future 

The methods which have been most highly developed 
technically up till now are the methods developed in the use 
of the gram units and in the use of radon , both big and 
small quantities call for specialization in design and 
management 

Advances in pure science in the last 15 years have shown 
the feasibility of making ordinary substances radio-active, 
and the time may soon be at hand when these will be used 
in medical treatment as well as in research Advances in 
applied science during the last year have drawn attention to 
the possibilities of using atomic power on a more liberal scale 
than we have so far enjoyed Mere power, however, has not 
the first claim m the selective list of requirements among radio- 
therapists , what is primarily wanted is some form of energy 
which will give a wider margin of response between normal 
and malignant tissues, and at the same tune be easily adapted 
to the purely technical demands of those called upon to 
treat malignant growths in any part of the body 
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MILLION VOLT THERAPY 

G S INNES, B Sc , A M I E E , A Inst P 

Physuist and Engineer to the Sassoon Department, St Bartholomew's 
Hospital 

Up to the year 1930, the maximum voltage x-ray equipment 
available for x-ray therapy was of the order of 200 kilovolts 
With such equipment it had been demonstrated that m some 
types of cancer it was possible to attain a cure without 
irreparably damaging the patient It was not known whether 
the failure m many lesions in certain sites was due to a 
difference m radiosensitivity, or whether it was due to the 
impossibility of delivering a sufficiently high dose to the 
lesion The problem was not a simple one, being complicated 
by many factors 

No matter how high a dose is administered to a lesion, 
there are always some malignant cells left intact, and these 
have to be overcome by local normal cells if the lesion is to 
be eradicated This can take place only if the normal cells 
have been less damaged by the radiations than have the 
malignant ones — that is, if the normal cells are less radio- 
sensitive Whether this radiosensitivity factor varied with 
the wavelength of the radiations was not known, but the hope 
that this might be the case warranted investigation mto the 
unexplored shorter wavelengths 
For optimum results, damage to the normal tissue 
surrounding the malignant zone should be reduced to a 
minimum, otherwise blood-supplies to the normal cells m 
me zone of destrucUon will be cut, reducing their effectiveness 
This requires a rapid decline of the x-ray dose outside the 
--of required destruction, and it was forecast that this 
could be accomplished with the shorter wavelengths, due to 
the sharper delimitation of the beam edges 
A third factor arises which might be called the patient’s 
Mtality, over which the therapist has only some small control , 
namely, m making certain that the total radiation energy 
absorbed by the patient is a minim um commensurate with 


the necessary lesion dose 1 Providing that all stray radiations 
have been excluded, the energy absorption during the 
treatment then becomes a question of the most effective 
geometric distribution of the required x-ray beams, both 
physically and clinically, and of the physical properties of the 
radiation used 

Treatment at wavelengths shorter than those obtained with 
a 200 kV equipment had been earned out m the use of 
radium on surface lesions, interstitially, m body cavities, or 
in mass in the radium-bomb units The nearest approach to 
the methods employed in x-ray therapy are those of the 
radium bomb The mam difference is that owing to the low 
gamma-ray output from radium bombs, treatments can be 
earned out only at short distances from the patient, limiting 
the use of the bomb to lesions at short distances from the 
skin surface In order to obtain the same radiation intensity 
as that emanating from a 200 kV tube operating at 10 mA 
40 cm FSD [Focus-Skin Distance], 1 0 mm copper HVL", 
1,000 grams of radium would be required 
However, it had been established from theory and 
experiment that the shorter the wavelength of the x rays — 
that is, the higher the voltage applied to the x-ray tube — the 
more penetrating the rays would be and the less the 
absorption would vary with the density of the medium 
One of the problems m 200 kV therapy was, and is, the 
distortion, due to intervening bone, of the theoretical dosage- 
distribution by an unknown factor With the shorter wave- 
lengths this unknown factor should become less disturbing 

X-ray Equipment Some Technical Considerations 
By 1933, a few experimental high-voltage x-ray equipments 
had been constructed m the USA, operating at voltages up 
to one milli on, but they were too unreliable in operation to 
gi\e biological and clinical results which could be assessed 
Usually these tubes had at the most only two fixed beam- 

i The lesion dose is the average dose throughout the lesion specified in 
rent gens It is estimated from a mathematical analysis of the dose-distribution 
in the patient arrived at by the summation of dose -distribution chart s for e ach 
x ray beam. These charts are obtained by lonization-ch amber measurements 
in a water phantom. 

° Half Value Layer (HVL) is the thicVness of a specified material which, when 
introduced across the x ray beam effective I v reduces the emergent beam to one 
half of its original intensit> 
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directions, necessitating tilting of the patient to the tube, in 
order to accomplish cross-fire techniques This method is 
deprecated in Britain, since it is argued that unless the 
patient is prone, supine or, for a restricted number of sites, 
sitting up, it is impossible to know the exact position of the 
various body-organs Angulation of the tube to the patient 
is therefore demanded as one of the essential features of an 
x-ray tube 

The main difficulty encountered in sealed tubes m the 
attainment of higher voltages was that the increased electrical 
stresses applied to the electrodes and envelopes extracted 


department Instead of the usual sealed-off thermionic recti- 
fiers in the attached high-voltage generator, a pair of con 
tinuously-evacuated demountable rectifiers was fitted 
With the advent of these new oil diffusion-pumps and the 
demonstration that continuous evacuation was feasible and 
reliable, the development of high-voltage continuously 
evacuated tubes with walls and envelopes, electrically better 
than those of the sealed-off tubes, but which had previously 
been barred by their prolonged gassing, became an 
economical proposition (Allibone & Bancroft, 1934 , Beetle- 
stone & Innes, 1934 , Burch & Sykes, 1935) 


FIG la DIAGRAM OF MILLION-VOLT X-RAY TUBE 



H Protection Pb or Barytes 
gg Steel Vacuum Envelope 
■ Porcelain Insulator 


a Rotable applicator cylinder 
b Moving floor 

c Adjustable diaphragm for limiting size of emergent beam 
d 8-ton lead protection cylinder, used as shutter by rotating 
e Steel tube vacuum envelope 
f Gold/copper target head 
g Aperture In lead cylinder 

h Lead block suspended from roof, blocking upwards beam, 
when shutter in "safe ” position (as shown) 
i Parallel plate Ionization chamber across beam 
j Cathode support tube 

occluded gas from them, resulting in internal electrical 
breakdown between the electrodes, and often in the punc- 
turing of the glass envelope In one or two instances tubes 
were supplied to withstand 350 kV, but they were never really 
robust 

In 1932, a pair of 200 kV steel and porcelain, demountable 
x-ray tubes, continuously evacuated by their attached oil 
diffusion-pumps, were installed in Sheffield Radium Centre 
The oil diffusion-pumps operated on the newly developed 
low-vapour-pressure Apiezon oils, and did not need the 
expensive liquid air-traps required on mercury-vapour 
condensation pumps Continuous evacuation and demount- 
ability made possible the cheap replacement of target and 
filament by any mechanically-minded member of the x-ray 


k Six-element filament assembly 
/ Negative mid-potential steel sheath 
m Target support tube 
n Positive mid-potential steel sheath 
o Support insulators 
p 04 (vacuum) pumping plants 
q Treatment couch 

r Control pedestal for tube angulation and floor movemen 
x Barytes x-ray protection walls between treatment room an 
H T rooms 


Vlillion-volt Equipment at St Bartholomew’s Hospital, London 
The hospital is indebted to the foresight of its 
Committee, the generosity of Mrs Meyer Sassoon, an c 
:echrucal skill of the Research Department of Messrs 
Metropohtan-Vickers Electrical Co, Ltd, Manchester, 
mvisaging and making available the million-volt P 
nstalled in the hospital in 1936 The equipmen w 
guaranteed to operate at 600 kV DC [Direct Curren j » 
ivith the proviso that continuous operation at _°ne 1111 
lolts would be aimed at In the first hour after ® na 5^., 
100 kV 4 mA was attained, but at voltages greater than 
he tube became unstable in operation (Allibone, Bancroft 

[nnes, 1939) , - „__ c an d 

During the next two years, while many modifications 
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additions were made to 
the tube, treatments were 
earned out at 700 kV 
giving the medical and 
physical staff an insight 
into the problems to be 
encountered at higher 
voltages Bv 193S, the 
plant was operating con- 
trauouslv at one million 
volts and since then , < 
some 10,000 hours of j ' 

operation have been 
accomplished in spite of 
raanv near misses bv 
bomb and V-vveapon 
Although there was con- 
siderable damage to the 
buildings on many occa- 
sions, the plant suffered 
little and at no time 
were treatments not 
earned out to schedule, 
except when power sup- 
plies were interrupted 
The equipment is so 
designed that, as far as 
possible, methods of 
treatment prev lously em- 
ployed at 200 kV can be 
repeated with the new 
tube The tube (Fig 
1 a, b ) spans the treat- 
ment room (X-X) and 
from the centre of its 
span can emerge the 
c-ray beam, the direc- 
tion of which can be 
waned from pointing 
vertically downwards to 
110° upwards This is 
accomplished by rota- 
tion of the -outer sheath 
of the tube (a) Adjustment of the patient to 
the tube beam is accomplished by making the centre part of 
the treatment-room floor (b) under the tube traversible 
vertically through 7 feet [about 2 2m] This is necessarv 
since it would have been difficult to traverse 
the 32 feet long [about 9 75 m ] tube which weighs nearly 
12 tons [about 12,192 kg ] The minimum FSD obtainable 
with ease is 60 cm , comparable with that used at 200 k\ 
Beam limitation at 200 kV is done by lead-lined boxes 
called applicators, fitted with end limiting stops of 1 ® 
required size At a million volts and 100 cm FSD such 
applicators, to be effective, would weigh some 200 pounds 
PI kg ] and would be rather expensive and difficult to change 
An adjustable diaphragm (c) was therefore fitted on to t e 
tube outer sheath, built up of twin 1 5 inch [about 3 b cm j 
thick adjustable lead stops, giving anv beam size, rom 
5 X 5 to 40 x 40 cm, at 100 cm FSD It is possible to use 
the diaphragm down to 60 cm FSD but beam positionin., 
then becomes awkward The diaphragm has a ig t eam 


device attached, indicat- 
ing the size and position 
of the x-ray beam in 
space The x-ray beams 
obtained from the 
diaphragm are not per- 
fect, since they have 
penumbral edges caused 
b> combination of a 
large focal spot, 2 5 cm , 
with the position of the 
stops at half the d stance 
from the focus, when 
used at 100 cm The 
advantages, however, 
outweigh this imperfec- 
tion, and in the future a 
light secondary dia- 
phragm may be added 
Inside the outer sheath 
(a) on which is mounted 
the diaphragm, is a pro- 
tective lead cylinder (d), 
which itself surrounds 
the steel vacuum enve- 
lope of the tube (e) 
This lead cylinder, which 
weighs 8 tons, gives an 
effective protection of 
6 inches of lead m any 
direction relative to the 
focal spot on the target 
(0 Tbe protection is so 
effective that with the 
tube operating at full 
excitation — one million 
volts 4 5 mA — the x-ray 
leakage into the treat- 
ment room is only one 
half of tolerance dose 
(10 r/sec), a degree of 
protection rarely en- 
countered m 200 kV 
tubes The lead cylinder is also used as the x-ray shutter of 
the tube There is one aperture m the lead cylinder oppo- 
site the target head which aperture (g) m the safe 
position points upwards into a six-mch-thick lead block 
suspended from the treatment-room roof This block 
prevents the emergence of the x rays upwards into the treat- 
ment room Providing the treatment-room doors are shut 
the whole of the lead cylinder can be made to rotate by 
pushing a control button in the control room, and by auto- 
matic interlocks it stops rotating when its aperture is 
aligned to that of the diaphragm on the outer sheath so 
permitting the emergence of the x-ray beam in the required 
direction through the diaphragm stops Just behind the 
diaphragm is mounted a three plate ionization chamber (i) 
which indicates on an instrument on the control desk either 
the x-ray intensity or the dose given during an exposure 
Mounted on the control desk are also direct-reading kilo- 
voltmeters indicating the actual kilovoltage applied to either 
end of the tube and the sum of these, irrespective of load 


FIG lb MILLION VOLT X RAY TUBE 



Tube in the treatment room showing the light centring device and diaphragm 
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current These are electrostatic voltmeters which opualc 
from a definite proportion of the kilovoltage applied to each 
end of the tube, obtained from oil-immersed resistance 
potentiometers connected from each end of the tube to earth 

The high voltage for the tube is supplied by two 500 kV 
Cockcroft i DC generators comprising transformer, con- 
densers, and four continuously-evacuated thermionic rectifiers 
each, and operating from the AC [Alternating Current] 
mains All vacuum and electrical operations are indicated 
on a power-station type of illuminated diagram, facilitating 
fault-finding 

The treatment and high-tension rooms are enclosed m 
walls built of some 125 tons of interlocking barytes bricks, 
so effectively preventing the egress of x rays that it is possible 
to store films within a few feet of the treatment room 

In this equipment we have a simple, controllable, safe 
source of high-voltage .v rays, not quite as hard as the gamma 
rays from radium, but equal m intensity, under the same 
geometrical conditions, to 7,000 grams of radium 

During the war no development work on x-ray tubes and 
equipment has been possible in Britain, but m the USA a 
number of different types of high-voltage x-ray equipments 
have been produced, one m particular being very compact 
tube and resonating transformer being housed m a tank some 
6 feet [18m] long and 4} feet m diameter It is also of 
interest to note that during the German occupation of 
Norway, Norwegian engineers and physicists constructed 
and operated a 1 5 million volt Van de Graaff generator and 
multi-acceleration tube 

Physical Imestigations on Operating Conditions 

When the treatment of patients with the million-volt 
plant commenced, there were few physical data available 
regarding the properties of the short-wavelength rays so 
generated, and a complete investigation had to be made to 
find the optimum operating conditions to attain (i) the 
shortest economical wavelength and (u),at the same time, the 
best geometric arrangement to give the highest % depth dose 
in the patient, with a reasonable x-ray intensity Since the 
primary object of the whole investigation was to find whether 
the radiosensitivity of malignant cells, m vivo, increased with 
reduction in the x-ray wavelength, the tendency was to bias 
0) m preference to (u) 

The properties of generation of x rays, by the stopping of 
high-speed electrons by a target, are such that, although the 
electrons have all, in our case, a million volts equivalent 
velocity, the emergent x-ray beam is a heterogeneous one 
composed of wavelengths varying from the shortest, which 
has a quantum energy equivalent to that of the original 
electron to rays which just come through the tube wall 
The peak intensity is at about 700 kV, and the mean about 
450 kV equivalent Passing such a heterogeneous beam 
through single or composite metal filters, the long wave- 
lengths are absorbed to a greater degree than the short wave- 
lengths, resulting m a hardening (shortening) of the average 
wavelength of the emergent beam What is more important, 
however, is that the very soft (long) wavelength rays are 
completely removed These cause considerable damage to 
the first few millimetres of tissue and as they do not penetrate 
further, they do not contnbute to the lesion-dose 

It was found that there was little difference between lead 


and tin filters the lead if any thing, bung slightly more 
efiiuenl Backing ol the lead lifter by tin and copper was 
not found necessary presumably since the 4 2 mm steel wall 
of the tube effectively removed the anomalous lead radiation 
(Mayneord & Roberts, 1935) 

The distribution of dose m the patient is a much more 
complicated problem and, to simplify physical investigations 
it is carried out in a medium which has the same electron 
density as the average of all the body-components Water 
is one such medium while there are otheis of more com 
plicated nature (Spiers, 1943) The relationship between fa) 
the dose at any point m the medium to (b) the dose at the 
surface of the medium at the beam centre, when expressed as 
a percentage, is called the Percentage Depth Dose (%DD), 
while the chart giving the %DD-distribution in a plane by 
lines joining points at equal dose-level is called an isodose 
The dose at a depth is made up of many components, and for 
general purposes here they can be divided up into three direct 
beam, backscatter and forward scatter The direct beam is 
that part of the dose originating from the ionization produced 
at the point by absorption of x rays from the part of the 
mam beam which has penetrated to the depth Backscatter 
is the dose originating from secondary x rays scattered back 
from the part of the medium beyond the point of measure- 
ment, while forward scatter is from secondary scatter from 
the part of the medium above the point of measurement 
Investigation into the variation of %DD with filtration of 
the x-ray beam indicated that not only was the lead filter the 
most efficient m increasing the %DD, but also that the 
maximum efficiency was between 0 and 1 mm of added filter 
With heavier filters the improvement was linear but less 
noticeable (See Fig 2, Curve a) It will be noticed that the 
criterion of efficiency is the improvement of %DD in a 


FIG 2. PERCENTAGE OF BEAM INTENSITY LEFT 


% DD 



Abscissae = % intensity 
Ordinates = % depth dose at 10 cm 


depth 


;urve a Percentage of depth dose with "Jawing -ajnt^residual 
Iter thickness marked on the carve plo ted against 
earn mtens.ty 10 x 10 cm 100 cm FSD, bOQO kV 
'.urve b Percentage depth dose w.th FSD, FSD, mar Ke a 
urve, plotted against residual beam intensity (0 x 10 cm , 

:ad added filter, I 000 kV 
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10 x 10 cm field at 100 cm FSD plotted against percentage 
of the beam intensify left The impro\cmcnt of the %DD 
with FSD is given m Fig 2, Curve b, which shows that the 
maximum efficient* of improvement is produced between 
60 and SO cm FSD , improvements at distances greater 
than this being slower but appreciable If %DD improve- 
ment were the main object, the optimum condition would be 
about 0 5 mm added lead filter and as long a FSD as 
possible, since the cfficicncj of improvement is greater bv 
FSD than by filtration at this voltage 
In our case, however, where the mam investigation was 
whether there was an increase in radioscnsitivity of lesions 
with reduced wavelengths, a harder beam obtained with a 
2 mm lead filter was decided on, with a FSD of] 00 cm 
giving an x-ray output of 40 r/nun , comparable with the 
output of 200 hV equipment 


Physical Advantages of the High-Voltage Beam 

Since previous experience had been confined to 200 hV 
x rays, the mam interest physically hv m a comparison 
between the behaviour of the beams m a phantom, and an 
attempt has been made to formulate reasons for the 
ainerences The mam improvement with reduction in 
wavelength is the increased penetration, but the %DD is a 
' =1^ feature m which variation of bach- and forward 

-tier, i-SD, depth, absorption-coefficient, and field-area all 
y a part, and an attempt was made to sort out these 
y measurement and calculation Fig 3 gives the 
portions of direct, back- and forward scatter obtained 
0f tbe dc Pffi-<iosc on the beam-centre-line 
or 0 x 10 cm beams at 40 cm FSD 200 kV and 100 cm 
., 0 / ; At the surface at 200 kV the dose is 

/o 29% backscatter, while at 1,000 kV it is 93% 
213(1 7 f^ ba f :kscatter As we progress through the 
a f 200 kV ’ tbe direct-beam component decreases 
, 1n rapid ‘ y ndt otl ‘y relatively, but also absolutely, while 
051 depth ^ becomes even less than the backscatter 
At 1,000 kV, the backscatter component 

x Sma11 portlon of the dose Die forward 
m both cases increases rapidly and is of the same 

and is 11 ^ 1 component the beam can be represented by 


\F4-d/ 


F-}-d> 

■ Xi*ffii he , air d ° se at the surface— FSD , F, ,,, the absorp- 

^ n , a ? d L the dose at depth d, due to direct 
( inrrp-)cn ® ^oLscatter and forvvard scatter components 
my field-area up to a maximum, beyond which 

added beam-area will not contribute to the 
, °se. smee it will be beyond the range of the 
j scatter 

° m i? e _ CUrves L and the above, certain forecasts can be 
at 1 penetra tion, i e , the direct beam, is 

is , j 311(1 tbe greater portion of the dose at all 
thnsp 0 direct beam, the depth-doses will be greater 
the c , e at ^00 bV (the forward scatters bemg 
i ] 0001 it, on ly will this be the case but, smee 
shnnlrt t i f °f the dose at a depth depends on scatter, 
„ry t 0 cbange m %DD with field-area, quite 

^ KV experience, where the %DD is governed 


U 


greai extent oy tne backscatter and hence by field-area 
Further, the improvement with 1,000 kV will be the greater 
^l £pth ^t 200 kV there ,s little change in 
%DD with FSD beyond 50 cm FSD, and this can be under- 
stood by examining the information in Fig 3 Since the 
direct-beam contribution is a small portion of the dose at 
the depth, any variation m its value due to alteration in F 
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Abscissae = depth In cm 

Ordinates = components as % of % of depth dose 
I 1,000 kV direct beam component as a % of the % of DD 
1,000 kV forward scatter as a % of the % of DD 
1,000 kV backscatter as a % of the % of DD 
200 kV direct beam component as a % of the % of DD 
200 kV forward scatter as a % of the % of DD 
200 kV backscatter as a % of the % of DD 


(in the formula) will be masked in the %DD by the small 
part it takes in the whole At 1,000 kV, on the other hand, 
the direct contribution even at 20 cm depth is over 50% of 
the dose, so increases m the direct component by increase in 
the FSD will be appreciable in the %DD 
Fig 2, Curve b, indicates that the last deduction holds, 
while Fig 4 indicates that the forecasts about relative %DD 
at 1,000 kV and 200 kV are along the lines indicated The 
gam in small field-sizes is particularly noticeable, bemg as 
high as 50% increase at 10 cm depth for a field 20 cm 3 This 
opens up many new avenues in treatment design, which will 
be indicated later Even for large beams, the improvement, 
though small (about 12%), is of importance m many cases 
of opposed-field technique Further, with the reduction in 
backscatter, and also since the forward scatter is, with the 
higher voltages, more in the forward direction, the high- 
voltage x-ray beams show a much sharper delimitation on 
the geometric edge of the beam and a flattening of the isodose 
contours 

All these physical improvements make possible many 
alterations and refinements in techniques developed for 
200 kV therapy, and some methods quite inapplicable at 
200 kV have been introduced There is one other factor 
which has to be brought in, out of sequence, before it is 
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FIG 4 



Tissue Depth in cm 

Abscissae = tissue depth in cm 

_ . tissue dose 1,000 kV x rays 

Ordinates = ratio 3 ... , . . — 

tissue dose 200 kv x rays 

Ratio of the tissue dose with 1,000 kV DC x rays (9 0 mm Cu 
HVL) to that with 200 kV DC x rays (2 0 mm Cu HVL) for the 
same input skin dose at 100 cm FSD and various field sizes 


possible to discuss alterations in treatment technique, viz , 
skin reaction 

Alteration in Skin Reaction 

Tests were carried out on corresponding skin surfaces on 
patients with x-ray beams of identical dimensions under the 
same physical conditions except for the beam qualities 
The control beam was one of 300 kV (3 35 mm Cu HVL), 
while the experimental beam was 1,000 kV (10 mm Cu 
HVL) The dose required m one sitting to produce the same 
.skm reaction was 50% greater with the 1,000 kV than with 
the 300 kV beam Theoretically, only part of this alteration 
in skm response can be accounted for by the reduction in 
the photoelectric absorption in the sulphur in the skm with 
the shorter wavelengths, the remainder being so far 
unexplained, unless it is due to a radiosensitivity change 
The results conform well with those encountered in gamma- 
ray treatment This reduction in skm response also opens 
up improvements m technique, but more especially makes 
possible a reduction m the skm reaction which has 
undoubtedly an indirect effect on the patients’ well-being, 
during and after treatment 


Modifications m 200 kV Techniques possible by employing 
Million-volt X Rays 

1 Whereas it was impossible to employ small fields in the 
treatment of small lesions buried deep m the body (e g , rectal 
carcinoma), owing to the poor depth-dose of such fields, at 
1,000 kV, it becomes possible and economical to employ 
multiple small fields, even through the remote lateral skm 
surfaces 

2 In intrinsic carcinoma of the larynx, it is customary and 
necessary at 200 kV to employ three fields — two opposed 
laterals, and an anterior field At 1,000 kV only the two 
opposed laterals are necessary, which simplifies and increases 
the accuracy of the technique 

In this type of case with two opposed beams, it is found 
that blocks of tissue up to 14 cm thick receive nearly uniform 


irradiation throughout by two opposed million-volt x-ray 
beams 

3 In many cases at 200 kV it is found necessary to employ 
beams angulated in three dimensions (spinal cord and 
bladder) So far, at 1 ,000 kV, it has not been found necessary 
to employ such beams except m a few brain cases where the 
eye has to be avoided Settmg up beams accurately m three 
dimensions and calculating the necessary isodoses is a 
difficult process, and one which should be avoided unless 
the most elaborate equipment and calculating devices are 
available 

4 Where originally at 200 kV it was quite impossible to 
attain a uniform and sufficient dose owing to the patient’s 
size (e g , carcinoma of the breast of a large woman), even 
with the small increase in depth-dose m large beams at 
1,000 kV, few cases have been encountered where it is 
impossible to administer a greater uniform dose to the 
lesion than to the skin 

5 Where, at 200 kV, lesions have had to be approached 
by beams through organs, the damagmg of which incapaci- 
tates the patient (e g , glancmg beams in carcinoma of the 
oesophagus damaging lung-tissue), at 1,000 kV, most of the 
lesion-dose can, because of the increase in depth-dose and 
the reduction m skin response, be contributed by the anterior 
and posterior fields, leaving only a small portion to be 
administered by the glances through the lung 


FIG 5 ISODOSES ON A TRANSVERSE SECTION OF 
A CARCINOMA OF THE RECTUM 



omparison of the Physical Data obtained for Treatment of 
Carcinoma of the Rectum 
Fig 5 gives the cross-section outline at the 
abic crest m the case of carcinoma of the rectum lh ' s y P f 
f case has been chosen because it shows very well ma y 
le advantages of milhon-volt therapy, when compared w 
)0 kV therapy The case is treated with ten 18 t 
earns at the angles indicated, each field being given 
fx rays on the skin On the left half of the section is shown 
ie isodose if the case is treated at 200 kV with t 
) cm FSD and Thoraeus filter On the right-hand side 
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is the isodose if the patient is treated at 1,000 kV 100 cm 
FSD, 2 mm lead filter (HVL 9 3 mm Cu) 

The differences are obvious The lesion, which is a small 
one, is surrounded by the 370% contour at 1,000 kV and 
by the 250% contour, approximately, at 200 kV, indicating 
a 50% improvement with 1,000 kV rays in the lesion-dose, 
for the same input-dose on each field Outside the lesion 
the dose declines rapidly at 1,000 kV, whereas at 200 kV, 
even up to the skm, the dose is still 80% of the lesion-dose, 
unnecessarily causing damage to normal tissue and disturb- 
ances to the patients The maximum skm dose is the same 
m both cases If, now, 6,000 r is to be given to the lesion 
in 5 weeks, the following results arc obtained 


Da a 

Lesion-dose (5 weeks) 
Dose per field 
Dose/day 

Maximum skin-dose 
Integral dose 3 


I 002 kV 200 kv 

6 000 r 6 000 r 

I 620 r 2 400 r 

650 r 960 r 

3 400 r 5 030 r 

i0 Mgr 65 Mgr 


It is doubtful if it would be possible to attain 6,000 r at 
the lesion, at 200 kV, since the skm dose is probably above 
the tolerance, also the dose per day is high and would impair 
the patient’s vitality The integral dose is a measure of the 
dose absorbed by the patient, being the sum of the products 
of volumes of tissue and their respective doses 40 Mgr is 
nearly the upper limit and it is doubtful if many patients 
would survive 65 Mgr 

Similar conclusions can be arrived at for other lesion-sites, 
and as a matter of routine all cases are isodosed at a million 
volts, each case being treated as an individual case with its 
individual problems 


Effect of the Variation of Density through the Bodv 

Considerable investigation has shown that at 200 kV the 
isodose curves calculated for treatments have always erred 

FIG 6 PIN-AND ARC DEVICE 


a 



on the optimistic side, particularly where beams have had to 
p ass through bone At 200 kV a particular skull absorbed 
3 Megagramme rontgens 


FIG 7 DEVICE FOR MEASURING THE ANGLE OF A 
LINE JOINING TWO POINTS 



15 % more than the same thickness of tissue, while at 1,000 kV 
there was only 4 5% more absorption This would mean 
that in the treatment of a bram tumour at 200 kV the 
lesion-dose might be at least 15% lower than calculated 
A particularly bad case came to light m an investigation into 
distribution, in the course of post-operaUve radiation in 
carcinoma of the breast, where, at 200 kV, the measured dose 
was 1/3 of that calculated, mainly due to the fact that the 
angles of the beams, at that particular point, were the same 
as the nbs 

At a million volts, discrepancies have been small and rarely 
more than 10% This may be partly due to the fact that so 
little of the dose at a depth depends on scatter, and the 
surrounding conditions do not therefore affect the dose to 
any appreciable degree 

Because of these discrepancies, there is sometimes a 
tendency to feel that the complicated and sometimes 
laborious calculation of the theoretical distribution of 
radiation is unnecessary It must be pointed out that the 
cases quoted are the worst encountered and that unless 
investigations commence from some mathematical basis, 
particularly when analysing a group of similar cases, it will 
be impossible to draw any dosage conclusions, or to attempt 
by models to simulate the actual patient and so solve the 
troublesome features mathematically At a million volts 
the variations are disappearing, and an assessment of results 
of different geometric methods of treatment is considerably 
helped by a full physical mvestigaUon 


Aids to Accurate Technique 

"he light-beam indicating the position and size of the 
ay beam can be made to travel along the axis of the tu 
I, by rotation of the outer sheath of the tube, at nght- 
Jes to the tube-axis These two movements are often 
assistance, giving an accurate idea in many cases o e 
ition of the emergent beam Beam direction as n 
it as simple as possible, there being no three rn “ s '° 
rulation of beams if it can be avoided, an e p-. 
ter parallel or at right angles to the axi 


57 



BRITISH MEDICAL BULLETIN 


“ pin-and-arc ” device 4 , of Dobbie (1943) is used for all 
angular directions, while a very simple device 5 is used for 
measuring the angle m space of the line joining two points 
on a patient This takes the place of an emergent pointer, 
which, to be of any use, must be really rigid, a difficult 
mechanical problem at the relevant distances Instead, 
the ingoing and outgoing points required are marked and their 
angle is measured directly and set on the tube 

X-ray photography at 1,000 kV on patients has served as 
a further check on arrangements, the films obtained being 
quite readable, and various bony markings just being visible 
The films are slightly improved if 2 mm of lead is placed 
between the patient and the film This tends to eliminate 

J The pm and arc device is, in effect, a large protractor, mounted on a stand 
with its centre removed find a retractable central pointer fitted In the sketch 
(Fig 6) the pointer is shoWti dotted at the centre of the protractor (point A) 
Rays are marked on the fcrotractor panel at one-degree intervals radiating from 
A with zero vertical The protractor is set in the correct position with the aid 
of a plumb bob attached at the right hand top corner If it isTequired to direct 
the centre of a beam atra definite angle through a point inside a patient, the 
location of this point relative to a skin mark vertically above it being known 
the device is used as follows In the sketch the point to be aimed at is A, and 
it is say 9 cm below the skin mark B The retractable protractor central point 
is raised 9 cm from its zero point, as indicated on the scale at C and the device 
is arranged so that the point is in contact with the skin mark B The point A 
in the patient is then at the centre of ail the protractdr rays and, if the required 
angle is produced backwards onto the patient s slati the central point of entry D 
of the ar-ray beam is obtained The depth (AD) of the point A from the central 
point of entry (D) of the beam is obtained by measuring the distance of D from 
a 30 cm arc E inscribed on the protractor from the centre A (AD = 30 cm 
less DE cm ) 

* See Fig 7 A hoop U shaped is fitted with a fixed pomt A and an adjustable 
pointer B on the other arm of the hoop adjustable so that the distance between 
A and B can be varied On the hoop is fitted a protractor and plumb-bob C 
which reads 0 degrees when AB is vertical If in the sketch the centre line of a 
beam has to enter at A and emerge at B on a patient s head the hoop points are 
adjusted to these points and the plumb-bob protractor reading is taken This 
gives the angle required relative to the vertical With the known divergence of 
a beam s edge the device can also be used if the required in and otit positions 
of the beam edge are known 
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the scatter The softer the scatter, the more it obliterates the 
detail, since the film-response is greater for the longer wave- 
lengths The film should be given 2 r This technique has 
been particularly successful in carcinoma of the rectum, 
where a lead-loaded catheter in the rectum indicates the 
required features 

Conclusion 

Even with the limitation that 200 kV techniques have been 
followed, significant differences in favour of million volt 
therapy have been found in the treatment of certain cancers, 
e g , of maxilla and breast There are striking differences 
m carcinoma of the rectum, where, in at least a third of the 
cases treated at one million volts, disappearance of the 
growth has occurred, while at 200 kV it is extremely rare for 
this type of cancer to show any response at all (Phillips, 1945) 

Whether the improved clinical results in the types men- 
tioned are directly due to the change m wavelength of the 
bombardmg rays, or to the improved and simplified arrange- 
ments made possible by the physical properties of these rays, 
it is impossible to say, as the two effects cannot be separated 
However, both the physical and clinical results are such that 
they lend support to the view that a further increase in voltage 
to the 5 to 10 million-volt range, is likely to give still better 
clinical results 
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PROTECTIVE METHODS IN 
llADIOLOGY 

W BINKS, M Sc , F Inst P 

Physics Division, Natxonal Physical Laboratory, Teddmgton Middlesex 

Within a few years of the discovery of x rays and fadiunl, 
it had been established that the rays might be injurious to 
the health of the user Many workers, through ignorance 
or indifference, developed bums and dermatitis, whilst some 
even lost their lives In 1915, following a discussion on 
protection for x-ray workers, the Rontgen Society devised 
a set of suggestions regarding safety-measures, but during 
the next few years, due either to continued indifference of 
the workers or to a large increase in the amount of x-ray 
work undertaken by hospitals as a result of the war of 
1914-18, there occurred a senes of fatalities which greatly 


disturbed public opinion This led to the formation in 1921 
of the British X-ray and Radium Protection Committee, 
which issued its preliminary report (Memorandum No 1) 
m July, 1921 Other committees were set up at about the 
same time m other countries, e g the Safety Committee of the 
American Roentgen Ray Society, and the Commission du 
Radium, initiated by the Academie de Medecine 

The preliminary report of the British Committee not only 
indicated the way to ensure efficient protection against x rays 
and radium gamma rays, but also drew attention to the 
necessity for suitable working conditions, condemning the 
practice of locating x-ray departments below ground-level, 
where natural lighting and ventilation were often inadequate 
In Memorandum No 2, issued by the committee in December, 
1921, heads of x-ray departments of hospitals and other 
institutions were strongly advised to safeguard themselves 
and their staffs by insisting upon inspection of their depart- 
ments, and of the various protective appliances, by the 
National Physical Laboratory 

Influence of Early Protection Recommendations on the 
Design of Sets 

The British Committee insisted that a primary precaution 
m all x-ray work was to surround the x-ray tube as com- 
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pletely as possible with adequate protective material As lead 
had a high absorptive value and was easily procurable and 
workable, it became the common practice to place the tubes 
m lead-lined boxes These were, however, heavy and clumsy, 
and hindered the radiologists m their work Accordingly, 
efforts were made to reduce the size and weight, without 
sacrificing any of the protection These efforts led to the 
introduction of the so-called “ self-protected ” tube, of which 
the first example was produced by N V Philips’ Gloeilampen- 
fabneken, Eindhoven, Holland (Bouwers, 1924) The mam 
body of the tube was a chrome-iron cylinder, to which glass 
was sealed directly Surrounding the cylinder was a lead 
sheath of sufficient thickness to absorb practically all the 
primary radiation from the target, with the exception of the 
useful x-ray beam 

Another unsatisfactory feature of early x-ray tubes and 
high-tension generators was the risk of electrical shock 
associated with their operation, since various parts of the 
equipment, working at several thousand volts, were often 
exposed The British Committee Suggested various precau- 
tionary measures, such as the mtroduction of earthed metal 
guards, the reduction of the high-tension conduit system to 
a minimum, and the mounting of the overhead conductors 
as high as possible, out of harm’s way These measures, 
though obvious, had not previously been generally adopted 
A further advance was made m regard to high-tension 
protection by enclosmg the tube and transformer m a single 
container and immersing them in oil Generally speaking, 
such units were somewhat limited m regard to movement 
In 1928, Bouwers designed shock-proof equipment which 
overcame this disadvantage The tube was mounted m an 
earthed case and connected to the high-tension generator by 
means of shock-proof cables This permitted the tube to be 
freely moved with respect to the generator In recent years, 
particularly with super-voltage x-ray equipment, operating 
at voltages of 1 million volts or more, there has been a 
reversion to the scheme of enclosmg the tube and generator 
in a single earthed metal tank Reduction m the size of the 
apparatus has been achieved by using freon gas (Charlton, 
Westendorp, Dempster & Hotahng, 1939) or an (Trump, 
Van der Graaff & Cloud, 1940) under high pressure as the 
insulator 

Incidentally, the shielding of high-tension parts has ied to 
improvements m another aspect of safeguarding the health 
of x-ray workers It had early been observed that workers 
m x-ray departments complained of headaches and exhaus- 
tion, and of inflammatory conditions of the respiratory 
tract. These effects were attributed to nitrous fumes and 
ozone, generated by brush-discharge from sharp angles and 
points on the high-tension system Subsequent experiments 
indicated that such effects as irritable cough, exhaustion, 
and blood-changes occurred if the ozone content of the air 
exceeded 0 5 mg per cm 3 It was concluded that the effects 
observed m x-ray workers bore a great resemblance to the 
symptoms of ozone poisoning Clearly, the mtroducUon of 
shock-proof systems, with the consequent elimination of 
brush-discharge led to a further improvement in working 
conditions 

International Recommendations 

At the first international congress of radiology, held m 
London m 1925, the question of international agreement on 


the mam principles of protection was discussed Three years 
later, at the second international congress, held m Stockholm, 
the British Committee submitted its recommendations as a 
basis for agreement, and these were accepted with but few 
changes The International Commission (1937) stated that its 
recommendations were designed to “ deal only with the more 
essential matters involved, minor questions of detail being 
left to each country to elaborate The question of seeking 
legal authorisation for such recommendations is left to each 
country to deal with as appears to it best ” 

Most countries have, up to now, preferred not to take 
legislative measures In Great Britain, the safety measures 
recommended by the British X-ray and Radium Protection 
Committee (1943) receive the support of State Departments, 
such as the Ministry of Health and the Ministry of Labour 
and National Service, but those m charge of x-ray and 
radium departments are not compelled to adopt the safety 
measures nor to submit to inspection of their departments 
by the National Physical Laboratory The recommendations 
have, however, m general, been followed by hospital 
authorities and factory managements, whilst the manu- 
facturers of x-ray equipment have played an important part 
m the progressive improvement in conditions by designing 
equipment and departments m conformity with the com- 
mittee’s proposals It may be mentioned that the Ministry 
of Labour and National Service issued an Order No 703 on 
1st April, 1942, regarding the health and safety-provisions 
for factory workers engaged in the use of radioactive luminous 
compounds The Order does not, however, specify any 
tolerance-doses, and the inspections of lummizmg depart- 
ments which are earned out by the National Physical 
Laboratory on behalf of the Ministry are based upon the 
tolerance-doses suggested by the Bntish Committee 
In the United States, safety recommendations are prepared 
by the Advisory Committee on X-ray and Radium Protection 
(US Bureau of Standards, 1936, 1938) 

Tolerance-doses for Ionizing Radiations 
In toxicology, it is important to know what quantity of a 
particular poison can be tolerated without ill effects The 
same position holds for ionizing radiations of all types, 
particularly those of a more penetrating character, since 
complete protection against them is, in the hght of practical 
considerations, impossible Before any protective schemes 
can be formulated on a sound basis, it is necessary to survey 
the various types of work undertaken with ionizing radiations 
and to have a complete knowledge of the ill effects which such 
radiations can produce It is further necessary to know what 
quantity of each type of radiation a person can receive 
continuously without suffering any ill effects This quantity 
is called the “ tolerance dose ’ A subsequent task m formu- 
lating the scheme is to try to express the particular tolerance- 
dose in terms of a specifiable and reproducible biological 
standard, which m turn can, for preference, be measured in 
terms of a physical unit. 

Of the present protective schemes it can be said that they 
are built on as sound a basis as existing knowledge of the ill 
effects of various radiations permits As more evidence 
regarding blood-changes and geneuc effects comes to light 
it may be necessary to amend the present estimated tolerance- 
doses and, consequently, the protective schemes themselves 
As regards the effects of x rays, cluneal observations in 
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different countries led to various estimates of the tolerance- 
dose in terms of a somewhat uncertain surface biological 
effect, namely, the erythema An average value of the 
figures published between 1925 and 1928 indicated that a 
person could tolerate a dose in 3 days corresponding to 
1/1, 000th of the amount of radiation required to produce an 
erythema Meanwhile, work had been in progress with a 
view to establishing a physical unit for the measurement of 
quantities of x radiation In 1928, the rontgen (r) was 
accepted internationally as the unit of x-ray quantity 
Shortly before this, Kustner (1927) circulated a questionnaire 
to a number of institutions which were using deep-therapy 
apparatus (which, at the time, operated mainly at 200 k\0, 
asking them to state the amount of radiation which produced 
an erythema The average of the values given to Kustner, 
when translated into rontgens, was 600 r The tolerance-dose 
thus corresponds to 600/1 ,000 rontgens in 3 days, or 0 2 r 
per day This value is at present accepted as the basis of the 
recommendations of the International and British Com- 
mittees On the other hand, the American Advisory 
Committee on X-ray and Radium Protection take a value of 
0 1 r per day as the tolerance-dose 

At the fifth international congress of radiology, held at 
Chicago in 1937, the definition of the rontgen was modified 
in such a way that it became a unit of gamma rays as well as 
of x rays As regards the tolerance-dose of radium gamma 
rays, the early evidence indicated that it was likely to be of 
the same order of magnitude as that for x rays Accordingly, 
we find that the current recommendations of the Inter- 
national and British Committees state that “ the evidence 
at present available suggests that a person in normal health 
can tolerate with impunity exposure to x rays and radium 
gamma rays to an extent of about 0 2 international rontgen 
(r) per day or 1 r per week ” In this respect, the American 
Advisory Committees have again chosen the lower tolerance- 
dose of 0 1 r per day 

Integral Dose and Tolerance 

It will be seen that the present tolerance-doses are expressed 
m terms of the radiation falhng upon the surface of the body 
It has been emphasized by Mayneord (1940) and others 
that the total quantity of energy absorbed throughout the 
body of an irradiated person, or “ integral dose ” as it is 
called, is of considerable importance, both physically and 
clinically For a given dosage-rate of radiation (expressed 
in rontgens per unit time) incident upon the surface of the 
body, the dosage-rates at various depths in the body will be 
greater the more penetrating the radiation It follows, 
therefore, that the integral dose per unit surface-dose will 
depend on the quality of the radiation 

A suggested unit of integral dose is the gramme-rontgen, 
which is the quantity of energy absorbed when 1 rontgen 
of radiation is delivered to 1 gramme of air Mayneord & 
Clarkson (1944) have drawn attention to the possible 
importance of integral dose m protection problems For 
x rays excited at 40 kV (Siemens’ “ Doglas ” therapy tube 
with no added filter , HVL 1 of 0 037 mm Cu), they find 
that the integral dose is of the order of 13,000 g /rontgens 
per rontgen measured on the patient’s anterior surface For 
x rays excited at 200 kV (Phdips’ therapy tube with 1 1 mm 
Cu added , HVL of 1 35 mm Cu), the value is about 

i [Half value layer see footnote on p 51] 


46,000 g /rontgens per surface rontgen Again, for 1,050 
kV x rays (Metropolitan-Vickers’ tube with filtration’ of 
4 22 mm steel -!- 2 0 mm Pb + 2 0 mm A1 , HVL of 
10 4 mm Cu), the integral dose is 51,000 g /rontgens per 
surface rontgen, whilst for radium gamma rays (filter equiva- 
lent to 1 3 mm Pt , HVL of 16 mm Cu), the value is 59,000 
This variation of the integral dose indicates that it may, 
in future, be necessary to express the tolerance-dose of 
x or gamma radiation m terms of the integral dose, measured 
m gramme-rontgens, rather than in terms of the surface-dose, 
measured in rontgens Alternatively, since in practice it 
will be the surface-dose which is likely to be measured, it 
may be necessary to adopt different values of the tolerance 
dose, expressed in rontgens, for various qualities of radiation 

Genetic Effects 2 

At this stage it would be well to consider briefly the effects 
of ionizing radiations on genes and chromosomes and the 
influence which this knowledge may have in fixing limits 
to the amount of radiation which a person should be given 
It is known that all types of ionizing radiations produce 
mutations, either of the individual genes or of the chromo 
somes, the rate of mutation being linearly proportional to 
the amount of radiation received That is to say, no matter 
how small the given dose, there is a chance that a mutation 
may occur, although that chance will be very small There 
is, therefore, no such thing as a tolerance-dose for genetic 
effects, if one interprets the phrase “ tolerance dose ” in its 
ordinary sense, namely, that the human body suffers no ill 
effects from such a dose The genetic effects of radiation are 
accumulative and irreversible since, apparently, the mutation 
of a stable gene leads to another gene which is equally stable 

As the majority of hereditable changes are recessive in 
character, any inherited qualities do not become evident 
unless a mutated gene meets another like itself Muller 
(1941) has calculated the chances of the meeting of two genes 
originating from independent mutations and has found that, 
on the average, at least 30, but more probably 100, genera 
tions would pass before a recessive abnormality of a seriously 
harmful nature would manifest itself by this process There 
would thus be a “ latent period ” of 750 to 3,000 years 
Muller has also calculated the chance of the meeting of two 
genes descended from the same original mutated gene, taking 
into account the degree of inbreeding It is found that the 
latent period in this case is of the order of 5,000 years 
It should be mentioned that spontaneous gene-mutations 
occur naturally, and that these may be produced by the 
effects of natural radioactivity 

Ignoring the ionization produced by the radioclements 
in the air, since the ions are largely due to alpha rays, which 
can have little effect on the body, it can be shown that the 
remaining ionization due to cosmic rays and to beta an 
gamma rays from radioelements in the air (Hevesy & Panel , 
1938) corresponds to a dosage rate of 2 2 X 10 9 r per sec, 
or to 0 0002 r per day of 24 hours, or to 0 07 r per year 
If all spontaneous mutations are caused bv natural radiation 
—and this fact has not been established— then the natural 
mutation-rate can be said to correspond to the irradiation 
of the whole human race throughout past ages at the rate oi 
0 07 r per year, that is, to doses up to 5 r during the litetim 

2 [See also Catcheside D G , Genetic effects or radiations (tlMB 800) in 
this number —Ed ] 
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of each person If then, from now on, only a fraction — for 
example, 1 % — of the race is exposed to ionizing radiations 
either as workers or as patients, it seems logical to deduce 
that the natural mutation rate would at the most be only 
doubled even if each person in this minority received, on the 
average, 500 r in his lifetime 

In assessing the permissible dose on which to base future 
protecuon schemes, it will be necessary to know what fraction 
of the race is to be subjected to artificial radiation and what 
increase of the spontaneous mutation-rate is justifiable 
offsetting the degree of race-degeneration against the benefits 
bestowed by radiation It does appear, however, that the 
suggestion made in an earlier paper by Muller (1939) that the 
dosage-rate should be reduced to 10“ 11 rper sec is much too 
cautious Assuming a working week of 35 hours, and 48 
working weeks per year, in conformity with the International 
and Bntish Recommendations, Mullers figure corresponds 
to 0 06 rper year, which is slightly less than the natural radia- 
tion intensity Hence, if the whole human race were exposed 
loan additional intensity of 10 - *' r per sec , the mutation-rate 
would not be doubled 

The regulations of the Berufsgenossenschaft fiir Gesund- 
heitsdienst und Wohlfahrtspflege recommend that, for the 
genital organs, the daily dose should not exceed 0 025 r 
This is one-tenth of the ordinary tolerance-dose accepted 
by the German X-ray Society Jaeger & Zimmer (1941) 
considered that, as the number of workers using ionizing 
radiations in 1941 was still a relatively small proportion of 
the total population, even this value of 0 025 r per day 
represented a very cautious attitude 

Risks bv Inhalation or Ingestion 

We now turn to the consideration of other classes of 
radiation workers, namely, those who may suffer injury from 
radioactive materials which have been inhaled or ingested 
As regards radon, the Bntish X-ray and Radium Protection 
Committee recommend that “ the radon of the air in 
laboratory, factory, workshop or other working quarters 
should not exceed a concentration of 10" 10 curie per litre ’ 
As regards radium in the body, the Committee recommend 
that if, after the person has remained away from work for 
48 hours, “ radon then be found in a concentration of even 
10~ 11 cune per litre, it is presumptive evidence of radium in 
the body and the operator should at once discontinue such 
work ” In the National Bureau of Standards Handbook 
H 27 on the Safe handling of luminous compound, much lower 
tolerance-levels are advised, namely, “ the radon concentra- 
tion m the atmosphere of workrooms shall not exceed 
10" Il cune per litre,” and “ no one shall be engaged as a 
dial painter who shows more than 0 1 rrucrogram of deposited 
radium as revealed by the expired air test ” It is stated that 
the latter figure corresponds to 10" 13 cune of radon per litre 
of expired air Assuming that the tidal respiratory volume 
per minute is 5 litres, it can be calculated that, if all the radon 
formed from 0 1 tl g of radium m the body appeared in the 
breath, the radon concentration of the expired air would be 
2 5x10"'- cune per litre The American figure of 10" 1 
cune per litre thus assumes that 40 % of the radon is liberated 
On the same basis, the Bntish figure of 10~" cune per litre 
corresponds to 1 ^ of radium in the body 

It must be mentioned, however, that the ratio of the 
liberated to the trapped radon vanes considerably, not 
wholly in relation to the length of time during which the 


radium has been deposited In examining lumimzers, the 
National Physical Laboratory therefore measures not only 
the exhaled radon but the gamma radiation from the disinte- 
gration-products of the trapped radon, as this is the only way 
m which to assess accurately the total amount of radium m 
the body 

There is much conflicting evidence regarding radium 
poisoning 

i Evans (1943) reported that 7 persons carrying between 
0 02 ;t g and 0 5 ;l g for 7 to 25 years revealed no clinical 
symptoms of chronic radium poisoning Similar 
examples can be quoted from the results of tests made 
at the National Physical Laboratory on workers who 
have been engaged in lumimzmg for periods up to 
30 years In one case, a person who worked full time 
on actual lumimzmg for 30 years was found to have 

0 7 jig radium in her body, and there were no apparent 
ill effects 

ii Opposed to the above is the evidence that fatalities 
have occurred when the radium burden was above 

1 2^g 

in The “ normal ” amount of radium in the body is 
between 0 01 and 0 015 fig Expressing this m another 
way, Jones & Day (1945) calculate that the normal 
radium content of the body produces 0 025 x 10 r ions 
per cm 3 of tissue per sec For comparison purposes, 
they show that the radiation tolerance-dose of 1 r per 
week produces 2 69xlO r ions per cm 3 per sec, 
whilst a radon concentration of 10" 10 cune per litre 
in the atmosphere produces only 0 00008x10 ions 
per cm 3 per sec 

iv The am of the Joachimstal mines contains from 
20x10" 10 to 60x10"'° cune of radon per litre, and 
occasionally as much as 200 x 10-'° cune per htr e has 
been measured Yet lung carcinoma among the miners 
is attnbuted to the dusts of arsenic and chromium, and 
not to the radon 

These conflicting facts indicate that much more evidence 
is required before the tolerance-doses for radium in the body 
and for radon and radium dust in the air of the workshop 
can be regarded as satisfactory 

Neutrons 

There is another type of ionizing radiation — the neutron — 
against which adequate protection must be found The 
neutron is approximately the same size as the proton (the 
nucleus of the hydrogen atom), and if the two collide, the 
neutron surrenders a large part of its energy to the proton, 
which recoils along a short path Neutrons are thus effec- 
tively slowed down m hydrogenous material, such as tissue 
The recoiling protons produce ions m the tissue, the lon- 
density along the proton track being far more intense than 
along the tracks of the electrons which are liberated m tissue 
by the passage of x or gamma rays 

Comparisons" have been made of the biological effects of 
x rays, alpha ravs, gamma rays and neutrons (Gray, Read & 
Poynter, 1943 , Lasmtzki & Lea, 1940) These raise the 
problem of the measurement of neutron doses Since neutrons 
liberate far more ions in tissue than in the same mass of air, 
it is not possible to measure neutron doses directly in 

s also Gra> L H Comparative studies of the biological effects of x rays 
neutrons and other ionizing radiations {BSIB 799, in this number. — Ed ] 
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rontgens The accepted practice is to define an “ equivalent 
rontgen ” of neutrons as the dose which produces the same 
number of ions per umt volume of tissue as a dose of 
1 rontgen of x or gamma radiation On this basis, it is 
found that the ratio of gamma-ray energy to the neutron 
energy required to produce a biological reaction varies from 
about 1 5 to 9, according to the reaction studied On the 
other hand, the ratio of x-ray energy to gamma-ray energy 
shows much smaller variations, the average value being 
about 1 5 Clearly, further experiments will have to be made 
before a tolerance-dose for neutrons can be established 
Reference is made in Smyth’s report on Atomic energy 
(1945), to the fact that the National Defense Research 
Committee of the United States set up a health group, one 
of whose tasks was to cany out research on the effects of 
radiations on persons engaged in the operations associated 
with the atomic pile The results of the investigations of the 
group have not yet been announced, but doubtless the 
knowledge of radiation effects will have been greatly 
ncreased 


Elaboration of Protective Schemes 

When the tolerance-dose for a particular type of radiation, 
say, x radiation, has been established and is measurable m 
terms of a physical unit, the subsequent procedure in deter- 
mining the protection in any instance is to measure the 
dosage-rate of the radiation received at a specified point 
in terms of the unit adopted, to determine the transmission- 
values of the radiation through various thicknesses of various 
absorbing materials, and finally to calculate the thickness of 
the chosen absorbent which is required to reduce the trans- 
mitted radiation received at the point in question to the 
tolerance-dosage-rate 

It is well known that x rays and radium gamma rays are 
absorbed more effectively by lead than by any other common 
material Hence lead or lead-impregnated materials, such 
as rubber and glass, have generally been used to secure protec- 
tion It is also customary to express the required protection 
in terms of lead and to determine the “ lead-equivalents ” of 
other absorbents 

When usmg x-ray equipment, steps must be taken to safe- 
guard the operator against three types of radiation In the 
first place, the tube itself must be protected in all directions 
other than that of the useful beam Secondly, if the direct 
beam is pointed at the operator, as is often the case in 
screening a patient or object, a protective barrier must be 
placed in front of the operator Thirdly, since all objects 
which are placed in the path of the direct beam scatter the 
radiation in all directions, the operator must be protected 
agamst this secondary radiation, either by means of a 
protective barrier or by relying on remoteness from the 
scattering objects 

Many papers have been published regarding the outputs 
of x-ray tubes operating under various exciting conditions 
The results have been summarized by Kaye & Binks (1940) 
and Binks (1943) for exciting voltages up to 2 million volts 
For tubes with “reflection” targets, that is, where the 
x radiation is emitted at right-angles to the electron stream, 
the outputs with a filtration of 0 1 mm copper are 
2 1 X 10- 4 (kV) 1 8 r/min /mA at 1 metre over the range 
75 to 200 kV, whilst with a filtration of 0 5 mm copper, the 


outputs are 1 7xl0~' (kV ) 1 1 r/mm/mA at 1 metre over 
the range 200 kV to 2 million volts For tubes with “ trans 
mission ” targets, that is, tubes in which the direction of 
the x-ray beam is a continuation of the electron stream, the 
x-ray outputs with a filtration of 0 5 mm copper are 
2 1 X 10- G (kV) 4 0 r/min /mA at I metre over the range 
600 kV to 2 million volts 

Turning to the corresponding question of the gamma ray- 
outputs from known quantities of radium sealed in containers 
having a screenage equivalent to 0 5 mm platinum, the 
outputs can be calculated on the basis that the quantity of 
radiation received in 1 hour at 1 cm from a “ point source " 
of 1 mg radium is about 8 rontgens For distances other 
than 1 cm , the calculations are based on the mverse square 
law of radiation 


The preceding data on x-ray and gamma-ray outputs refer 
to the intensities of the direct beams Far fewer measure- 
ments have been made of the intensities of scattered radiation 
(Binks, 1943), but one or two examples will illustrate the 
magnitude and importance of the intensities of scattered 
radiation encountered in practice The dosage-rate at the 
side of a patient who is screened in the couch position is 
usually of the order of 100 xlO -5 r per sec The daily 
tolerance-dose of 0 2 r would therefore be received in just 
over 3 minutes, which is about the time taken on one patient 
only Hence the need for a protective screen on the side of 
the couch In the case of x-ray therapy, the intensity of 
the scattered radiation at 1 metre to the side of a patient, 
who is exposed to 200 kV x rays from a tube run at 30 mA 
and having a filtration of 0 5 mm copper, is about 
250 X 10" r per sec , corresponding to a dose of 0 2 r in 
80 secs 

The absorption of direct and scattered x rays and gamma 
rays m various materials has been determined experimentally 
by workers in many countries For direct x rays excited at 
voltages up to 5 million volts and for radium gamma rays, 
theoretical values have also been obtained (Kaye & Binks, 
1940) for absorption in lead and for the lead equivalents of 
barium concrete 


From a knowledge of the outputs of x-ray tubes, working 
under various conditions of excitation, and from a knowledge 
of the degree of absorption of the rays in lead, it is a simple 
step to calculate the thicknesses of lead required to reduce 
the radiation at any point to the tolerance amount Bulks 
(1940) has prepared a simple nomogram, relating kilovoltage, 
milli amperage, distance and the amount of lead protection 
By means of this, it is possible to find the amount of lea 
required to give adequate protection for any tube voltage 
between 200 kV and 3 million volts, for any tube curren 
between 0 5 and 30 mA, and for any distance from the tube 
between 0 5 and 10 metres A similar nomogram has been 
prepared (Bulks, 1943) for the determination of lead protec- 
tion against radium gamma rays The corresponding 
protective thicknesses of other materials, such as n i 
concrete and bappim concrete, are also known (Kaye, Bin 
Bell, 1938) 

Dunng the war there was a rapid increase m the num -r 
of workers engaged in luminizmg instrument-dials ana u 
the average quantity of radioactive luminous comp 
bandied by each worker As previously mentione , 
Ministry of Labour and National Service issued an urae 
in April, 1942, giving fairly detailed instructions to employ 
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and employees regarding the protective arrangements which 
are to be adopted m lumimzing departments The main 
features are 

i Protection against gamma radiation from the radium 
paint issued to each operator and against gamma 
radiation from the mam stock of luminous compound 
possessed by the firm 

u Protection of the exposed parts of the body against beta 
radiation Each operator is to work behind a lead-glass 
screen, thus presenting beta radiation from the lumimzed 
object from reaching the face 

in Local \ entilation on each working bench, so as to remove 
radon and radium dust from the vicinity of the operator 

iv General ventilation of the workroom to remove radon 
and radium dust 

v Provision of special clothing for use in the workroom 

vi Periodical cleaning of bench-tops and equipment 
vii Personal hygiene 

Similar proposals were put forward in America in the 
Bureau of Standards’ Handbook H 27 

Reference has already been made to the fact that neutrons 
can be decelerated in hydrogenous materials and are ulti- 
mately reduced to thermal velocities The “thermal 
neutrons ” are easily absorbed, in capture processes, by 
elements such as cadmium and boron which, in tum, become 
temporarily radioactive In this phenomenon we find a 
method of protecting personnel against neutrons, produced 
by heavy particles accelerated by apparatus such as the 
cyclotron Tanks of water up to 1 metre thick, or stacks 
•of paraffin-wax blocks up to about 70 cm thick, are placed 
round the neutron source, most of the slow neutrons being 
absorbed by salts of cadmium or boron introduced into the 
water or wax Any gamma radiation which is liberated is 
absorbed in a final sheet of lead 


Tests on Radiation Workers and Inspections of 
Radiological Departments 

Since the introduction of the first report of the British 
-S'-ray and Radium Protection Committee, the National 
Physical Laboratory has continued to cany out inspections 
of radiological departments Ionometric measurements are 
made at all points likely to be occupied by personnel and, 
if the dosage-rate at any point is found to be in excess of the 
tolerance-amount, methods of remedying the defective equip- 
ment or of improving the technique are suggested 
During the war, the Ministry of Health was disturbed at the 
increasing number of reported cases of low leucocyte- 
counts and, towards the end of 1942, consulted the Labora- 
tory with a view to the establishment of a dosage-service 
On the basis of many years experience gamed in the use 
of photographic films for monitoring the doses of radiation 
received by members of its own staff, the Laboratory 
organized a dosage film service on behalf of the Ministry 
Later the service was extended to workers in Scotland and 
in Northern Ireland In March, 1943, the Factory Depart- 
ment of the Ministry of Labour and National Service 
circularized industrial radiological departments, advising the 
managements to make use of the same film service 
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Up to the present time, nearly 2,000 medical workers at 
about 550 hospitals and nearly 1,000 industrial workers 
at about 150 firms have been examined by the film method, 
many of the workers having been tested at three-monthly 
intervals, and a few continuously The results show that 
over 70% of hospital x-ray staffs and over 90% of industrial 
x-ray staffs receiv e less than one-tenth of the weekly tolerance- 
dose When a film test indicates that the wearer has received 
an excessive dose and the result has been confirmed in a 
repeat test, the Laboratory sends representatives to inspect 
the radiological department concerned In some cases it is 
found that the equipment is defective , m others, that the 
technique is faulty But it should be remarked that it has 
been found necessarv to inspect only 9 hospital x-ray depart- 
ments and only 12 industrial x-ray departments There 
appears to be no need, therefore, for alarm regarding the low 
leucocyte-counts Indeed, Britton (1943) found a low 
leucocyte-count in 29% of the 552 counts on 68 apparently- 
healthy nurses not exposed to radiation He stated that this 
appeared to be a war-effect of unknown cause 

The films which are issued to radium workers are half 
covered with sheet lead 1 mm thick, which absorbs any beta 
radiation The shielded half of the film thus records the 
gamma-ray dose, whereas the unshielded portion records 
both beta and gamma radiation In the case of luminizers, 
it has been found that there is a large beta-ray effect, and 
subsequent inspections of many of the departments have 
revealed that most of the dose is due to contaminated benches 
and clothing In the majority of cases, the total doses are 
now well below’ the tolerance level 

It seems possible to use the film technique for the measure- 
ment of neutrons which fall on the body Fast neutrons 
would be slowed down m the tissue and would “ evaporate ” 
from the surface of the body with thermal velocities If the 
film is covered with a thin foil of, say, cadmium, rhodium, 
or indium, which have a high-capture cross section, these 
elements would capture the neutrons, becoming radioactive 
and emitting ionization radiations which would blacken the 
film The radioactivity should, preferably, be short-lived, 
so that there would be no need to take into account the lapse 
of time between the initial irradiation of the film and the 
photographic development 

The inspections of lumimzing departments also include 
tests of the radon concentration of the air of the workrooms, 
and tests of the radium in the bodies of luminizers, part of 
the radium being assessed by means of the alpha rays from 
the radon contained in the exhaled air and part by means of 
the gamma ra>s from the subsequent disintegration-products 
of the radon trapped in the body Similar tests have been 
earned out by Jones & Day (1945) 

It will be apparent from the foregoing review that, whilst 
there is much to be learned about the tolerance-doses for 
various types of ionizing radiation, and whilst there is an 
ever-growing number of radiological workers using an ever- 
widening range of man-made radiations, sufficient experience 
has already been gamed to be able to tackle the new 
protection problems with high hopes of evolving effective 
safety measures 
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EXCHANGE OF DIAGRAMS 
AND DATA BETWEEN 
RADIOTHERAPY CENTRES 

A scheme developed by the Association 
of Hospital Physicists 

JOHN READ, B Sc , Ph D 

Honorary Secretary of the Diagrams and Data Sub-committee 
of the Association of Hospital Physicists, 

Physicist, Radiotherapy Department of the London Hospital 

Often graphs and diagrams which appear in the literature 
are too small to be useful, and many workers would hke to 
have Full-size copies of the originals Also, institutions 
accumulate diagrams, nomograms and data (some of the 
latter the result of laborious computation, e g Klein-Nishina 
coefficients) for their own use, which are not published, but 
would be very useful to others if an interchange of copies 
could be arranged A graph, or table of data, often repre- 
sents m a condensed form the results of a great deal of work 
The Association of Hospital Physicists has therefore developed 
an organisation by which this exchange can be effected 
The Association has collected lists of diagrams, data, 
etc , which institutions are prepared to lend for reproduc- 
tion, and has classified them in a catalogue of 213 such 
items A person desiring any copies of these may apply 
to the secretary of the Diagrams and Data Sub-com- 
mittee for them He requests its loan from the owner, 
obtains a positive and negative copy from a firm which 
specializes in such reproduction, returns the original to 
its owner, and sends the copy to the person who requested 
it The negative is retamed by the secretary for future 
use It is not therefore necessary to trouble an owner for 
the loan of a diagram, etc , on a second occasion, which 
itself is a gam to those who receive frequent requests for 
information 

At the present time many books, especially those of foreign 
origin, are difficult to obtain The catalogue therefore con- 
tains a list of such books which the owners are willing to 
lend for limited periods The demand for authors’ reprints 
often exceeds the supply A start has therefore been made 
in the collection of negatives of such reprints from which 
copies can be produced 


The material of the catalogue is arranged in four columns 
The first gives a classification-number for each item, the 
second a description of each item, the third a reference 
number which, with a key, indicates from which institution 
the item originated, and the fourth gives the dimensions in 
inches The classification numbers are each divided into 
blocks of digits by decimal points The last block (to the 
right) gives in all cases the number of the item m the smallest 
sub-group The first block (to the left) gives the number of 
the main classification-group Further blocks give the num 
bers of sub- and sub-sub-groups The classification, together 
with the number of items which the catalogue contains in 
each group, is as follows 
1 X RAYS 

I 1 Isodose curves other than those contained in 

Professor Mayneord s list (1943) , 

1 2 Wedge field and other non standard isodose curves j 

1 3 Volume dose graphs and data , 

1 4 Physical data relating solely to x radiation 
1 5 Miscellaneous 


2 RADIUM 

2 1 Radium homb isodose cnrvcs , , . - 

2 2 Isodose curves and rules, graphs etc for dose calculation lor 
radium sources — 

2 2 1 Linear sources 
2 2 2 Ring source 
2 2 3 Disc and other plane sources 
2 2 4 Volume distributions 
2 2 5 Miscellaneous sources 

2 3 Physical data relating solely to radium and gamma rauia 
(tabulated mathematical functions and associated diapuns 
given under the mam classification MATHEMATICAL D 1 
2 4 Miscellaneous 


15 


17 

2 

9 

J 

5 


1 

2 


3 PHYSICAL DATA 

3 I Scattering and absorption data for radiation In general 

3 1 1 Data relating to scattered radiation based on the wm 
Nishina and Compton formulae 
3 1 2 Photo-electric absorption coefficients 


3 2 
3 3 


3 4 


j 1 c rnoto-eiecxnc aosorpuou ci/v II 1^1..* V., 

3 1 3 Miscellaneous absorption and transmission «“*» .. . 

Energy absorption, properties of ionizing particles, dlstn 

Data o P fbKiphysical interest (tabulated mathematical “|J 

associated diagrams are given under the main c 
MATHEMATICAL DATA) 

Miscellaneous 


mathf.mattcat. data 


5 MACHINE DRAWINGS 5 

5 1 Ionization chambers and electroscopes — 

5 2 A- ray apparatus 5 

5 3 Radium apparatus j 

5 4 Circuit diagrams * 

5 5 Miscellaneous 
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A number of isodose curves, 
the catalogue, can be obtained 
Royal Cancer Hospital (Free) 


which are not contained in 
from the secretary of W 
, Fulham Road, London, 


! W 3 (Mayneord, 1943 ) , etter A, 

All the classification numbers are preceded by 0 f 

9hich shows that the items are contained in Catalog 
Jecember, 1944 It is intended to issue other catai 
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B, C, „ from ttme to time containing matter which has 
accumulated in intervening periods It is hoped to issue 
Catalogue B m the near future, containing some 200 new 
items The catalogue, and in most cases the diagrams, etc 
give the name of the institution or person from which each 
item originates This affords the same guarantee of accuracy 
of unpublished data as must be relied on when published 
data are used, except, of course, that it has not been scrutinized 
by the reading public 

It is intended that the scheme shall be financially just self- 
supporting Accordtngl> a charge is made sufficient to meet 
the cost associated with each order, with a small addition 
towards overhead expenses The charges will be adjusted 
from time to time to balance income and expenditure They 
vary with the size of diagram or extent of typewritten data, 
but so far the average cost per item has been about 4s 6d 
[£0 225] Copies of Catalogue A can be obtained from the 
honorary secretary at a cost of 5s [£0 25] each 

During the first 18 months of operation of the scheme, 
over 200 items have been supplied to some 26 different 
institutions Twenty-seven have been sent to Canada and 


the USA The secretary now possesses 118 negatives of 
diagrams and copies of data, so that copies of these can be 
supplied without the delay of borrowing the originals 

The scheme is obviously capable of geographical extension 
Copies of Catalogue A have gone to Australia, Canada, 
New Zealand and the USA It is hoped that similar 
schemes will be organized in other parts of the world, with 
co-operation between the groups Perhaps it will help, in 
a small way, in the reconstruction of radiotherapy in the 
devastated parts of Europe, stnee useful diagrams and data 
of general applicability can quickly be supplied In Britain, 
the scheme has been of considerable service to new radio- 
therapy centres, and to physicists appointed to hospitals for 
the first ttme A study of the items subscribed to the 
catalogue by different centres shows that each places emphasis 
on a rather different aspect of the work The scheme facili- 
tates the pooling of these somewhat divergent activities, so 
that all can benefit from the special interests of each 
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186 Acute Injuries of the Head 617 51 

G F Rmbotbam SECOND EDITION EDINBURGH, E. Cc S 
LIVINGSTONE LTD, 1945 in -r 424 PAGES 201 ILLUSTRATIONS 
25x17cm- £ 110 , (£15] 


The publication of a second edition of this work within two 
years indicates its well-deserved popularity, and the author is 
m be congratulated for his industry dunng a period of great 
iress There is an almost inevitable tendency for text-books 
to grow, and this edition is about one half larger than the earlier 
ne it deals very thoroughly with its subject and is of a con- 
n £ ® e ” t stze Further room can be gamed in the future by 
ctTir n § unim P°rtant material, such as the illustrations of the 
Jr couDtry-side of a rehabilitation centre, the introductory 

can?/n ° a P at h°l°gy and general descriptions of air-raid 
aN n * ® ne would like to see more precise information 

„ ° ut use and value of penicillin rather than a whole 
£ |“® Ta P“ n° ncern ing the accidental discovery of its poten- 
crr-IiL S , A he standard of paper, printing and illustrations is 
„„ ‘hough in some instances the details of x rays have 
singly suffered m reproduction 

masnosts of closed injuries is a difficult but most 
mnc, C 4»ui Subje , ct 'he chapter dealing with this has been 
is ' K A n , arge h — w eh justified by its importance — and it 

jh e hes' in the book Illustrative case-records have 
h&»r, j 1 > which should prove helpful, but they might have 
deni, more vigorously Fractures of the skull are now 

sn#-n JiP a derate chapter, and careful consideration is 
to ttie importance or otherwise of closed fractures 


Headache and dizziness, the two most frequent and troublesome 
post traumatic symptoms, are dealt with in great detail, and a 
valiant effort is made to analyse the possible causes of headache 
in the light of present knowledge Although unfortunately there 
is still much hypothesis m this field, it is noteworthy that the 
author believes in a physical basis for most post-traumatic 
headaches, even if there be psychogemc factors as well Neurosis 
and psychosis after head injury are discussed, but traumatic 
intellectual impairment is dismissed somewhat cursorily One 
hopes that this omission will be remedied in the future Intellec- 
tual deficit forms one of the reliable criteria of the degree of 
brain damage and upon its correct assessment largely depends 
the person’s successful replacement in industry It is especially 
in this field that the neurological surgeon looks to his colleagues 
the neurologist and psychiatrist, for help and guidance In the 
diagnosis of the sequelae the author gives the impression that 
the separation of neurotic from other symptoms is practicable 
But this differentiation is so difficult and of such doubtful 
value, that neuro-psyctuatnsts are now disinclined to classify the 
symptoms of these cases as either organic or psychogenic, but 
accept that both may operate — one or the other possibly 
predominating — in a given case of brain injury 
The activities of a rehabilitation centre, and post-traumatic 
epilepsy are each given a chapter, it would be valuable to 
include long-term results of the surgical treatment of epilepsy 
In the first edition, the final results of head injuries occupied 
only a page and a half, but these have now been expanded to 
fourteen , this provides a most useful analysis of figures from 
various sources — including the author’s experiences There is 
also information about the prognosis of focal sequelae, such as 
defective vision and hearing and the book concludes with an 
entirely new chapter on birth-injuries 
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187 Technique in Trauma : Planned Tuning m the 

Treatment of Wounds including Burns 

F B Gltrd &F D Ackman LONDON WILLIAM HEINE - 
MANN (MEDICAL BOOKS) LTD 1945 68 PAGES 17 ILLUSTRA 

TIONS AND 3 COLOURED PLATES 25 x 18 cm 15s [£0 75) 

This book, from the Montreal General Hospital and McGill 
University, consists of three articles published in the Annals of 
Surgery Additional text and an exhaustive commentary have 
been appended 

The first article descnbes the principles upon which the 
method is based and the practical details of their application to 
the burned patient The second, published a year later, reviews 
100 cases treated along these lines It includes case-histories 
and very frank and critical commentaries on the management 
of many of the cases It also includes, on page 33, a number of 
modifications of the original plan as outlined in the first article 
It is important that the reader’s attention should be drawn to 
this, since one of the changes made is the abandonment of 
escharotics for body burns which are recommended in the first 
article This is particularly important, since a tabulated 
summary of treatment recommending escharotics and “ intended 
to be a ready reference to all doctors and nurses ” (page 21), is 
included in the first article A revised table, from which they 
have been omitted, is included in the second article The third 
article describes the apphcation of the authors’ method of 
treatment to wounds and infected surfaces 

The method advocated is designed to anticipate the commonly- 
occumng complications of burns and wounds In consequence, 
stress is laid on the importance of timing all therapeutic measures 
correctly — of “ doing the right thing at the right time ” In burns 
a system of general and local treatment is elaborated to anticipate 
shock, toxaemia, infection and disability from slow healing 
Shock is combated by the usual methods The burned surfaces 
are gently cleaned without an anaesthetic They are then 
covered with an occlusive pressure dressing and immobilized in 
a plaster cast The pressure-dressing consists of “sulpha-mesh ” 
(tulle gras), backed with several layers of gauze generously 
impregnated with sulphathiazole emulsion, and covered with a 
thick cotton-wool pack The use of a water-m-oil emulsion is 
advocated since the molecular solubility of the sulphathiazole 
in the emulsion is 5 5 % compared with a solubility m water 
alone of only 0 07 % The emulsion yields its content of 
sulphathiazole at a slow, even rate Superficial burns are 
dressed after a week Deep burns are dressed in 10-14 days 
under anaesthesia Debridement 1 and grafting are earned out 
at the same time This method of delayed debridement and 
“ delayed primary grafting ” are the only differences from the 
routine treatment of bums m Britain 1 In Britain, the sloughs 
are usually allowed to separate spontaneously and the grafts 
are apphed afterwards (21st day approximately) The extent 
and depth of the burns of modern warfare probably explain 
these differences 

Wounds are treated on the same general principles The 
importance of adequate therapy for shock and careful debride- 
ment are stressed Primary suture and primary grafting are 
recommended for suitable cases treated within six hours of 
injury For others, “ sulpha-mesh,” sulphathiazole emulsion, 
occlusive pressure-dressings and plaster casts are used Delayed 
primary suture and delayed primary grafting are undertaken at 
the first or second dressings, 7 and 14 days later Secondary 
suture or secondary grafting are undertaken as soon as possible 
for those cases not suitable for immediate or delayed primary 
closure The parenteral administration of sulphonamide is not 
recommended unless a systemic complication such as pneumonia 
supervenes There is no mention of penicillin 

The book illustrates what can be achieved by team-work 
Without the stimulus of large numbers of war casualties, and 
thousands of miles from a theatre of operations, the authors 
have evolved a method of treatment identical in principle and 
similar m detail to that m use m Britain to-day The reasoned 


l [On the use of the word tUbtUkmem see footnote to BMB 703 and also Bull 
War Med , 1945, 5 422 —Ed ) 

1 (British methods are comprehensively summarized by F H K Green m BMB 
690— Ed) 


approach to the many problems involved and the carefully 
controlled clinical application of the solutions to these problems 
are exemplary and reflect great credit on the staff of the Montrca. 
General Hospital 


AN INTRODUCTION TO ANATOMY 


611 

188 The Tissues of the Body An Introduction to the Shidt 
of Anatomy 


W E Le Gros Clark 
CLARENDON PRESS 1945 
TIONS 24x16 cm £1 Is 


SECOND EDITION OXFORD 
xi + 388 PAGES , 120 ILLUSTRA 
(£1 05) 


The second edition of this book makes a timely appearance 
First published in 1939, the impact of total war, whilst it did 
not prevent its recognition as a book of outstanding merit, did 
preclude its widespread adoption Apart from the fact that 
opportunity has been taken to bring the material up to date and 
to improve the illustrations without any considerable expansion 
of the text, the book remains much the same as in the first edition 

For many years the study of anatomy has been predominantly 
the study of the end-products of tissue organization Tradition 
and the limitations of the time-table have given teachers and 
text-book writers alike little opportunity to deal with the 
structural organization of the body as a dynamic process This 
book fulfils this long-felt want Commencing with a study of 
the cell and a short account of the development of the tissues 
in the embryo, the author proceeds to discuss connective tissues, 
cartilage, bone, muscle, the tissues of the joints, blood, blood 
vessels, lymphatic tissues, mucous membranes and glands, skm 
and the tissues of the nervous system The text is lucid and 
illustrated with 120 diagrams Although the book has been 
written as an mtroduction to the study of anatomy the author 
has taken the opportunity to indicate the lines upon which our 
more recent knowledge has been obtained In this he is to be 
congratulated The text remains concise and clear and yet 
stimulating and dynamic It is outstanding in that it bridges 
the gap between the physiological histologist and the micro 
anatomist This book merits a place in the library of every 
student of biology 

The letterpress, illustrations and format are worthy of the 
text 


DENTAL SURGERY 

616 314-089 

189 Essentials of Surgery for Dental Students 

} Corbie Ro s Edinburgh e a s livingstone ltd isis 
284 PAGES, 194 ILLUSTRATIONS 22 *14 cm £1 


This book wins golden opinions from alt students who have 
handled it and is widely regarded as the best book yet producea 
m its own special field In a text-book of this type it is inevitably 
difficult to decide what to include and the depths to which tne 
various subjects are to be treated 

The handling has m genera! been good The illustrations are 
many and in the main excellent One’s impression is that oitcn 
the black and white photographs convey the point better tnan 
do some of the colour plates The colour plate of Hutchins on s 
teeth would have been better inverted, since it is the upper jav. 
that is represented 

Inevitably slight differences in outlook are liable as be wee 
the general and the dental surgeon Perhaps this accounts i 
the preference expressed for open ether as the anaesthetic i 
opening an alveolar abscess, instead of nitrous oxide as prcier 
by the dental surgeon The author is confused in his discussio 
of the treatment of dental cyst, since m the Partsch operation 
lining is left, not removed . 

A more senous point of difference arises m the chapter dMbg 
with cleft palates, wherein one finds the statement The mm 
favourable period for operation [for deft-palate repairj 
betvveen eighteen and twenty-four months From tne s 
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point of minimal speech defects, it would seem desirable to effect 
repair before the child begins to speak, nearer therefore to one 
year than two >ears of nge 

Another minor criticism anses under the heading of “ Fractures 
of the mandible," wherein it is suggested that fracture of the 
neck of the condyle is rare One s own experience indicates 
that this condition is more frequent than is suggested, but that 
it is not infrequently missed by the general surgeon One would 
have expected a bnef statement on the use of bone-chips or -paste, 
as described by Mowlem and other workers, under the heading 
of bone grafts, rather than the method described As to the 
sugma of a syphilitic origin for the cusp of Carabeth, this is now 
widely regarded as untrue 

Such points of criticism will almost certainly be dealt with 
when a second edition appears 

This review would not be complete without expressing a word 
of appreciation of the effort of the publisher 

Chapter headings ( 1 ) clinical examination , (li) the bps , 
<m) the tongue , (iv) the buccal cavity , (v) the salivary glands , 
(vi) hare-bp and cleft palate , (vu) alveolar abscess , (vm) 
osteomyebtis and necrosis of the jaw , (ix) tumours of the jaw 
of dental origin , (x) tumours of the jaw of non-dental origin , 
(xi) the temporomandibular joint , (xn) fracture of the jaw 
(xui) wounds and their treatment , (xiv) plastic surgery and 
deformities of the jaw (xv) lesions of the face and scalp , 
(xvi) neuralgia and other cranial nerve lesions , (xv 11 ) the 
cervical lymphatic glands , (xvui) non glandular swelbng of 
the neck , (xix) the thyroid gland , (xx) syphilis , (xxi) shock, 
haemorrhage, gangrene, and embobsm , (xxn) radium therapy , 
<xxnl) diseases of the nose, pharynx, larynx, ear and eye 

616 314-089 28 

190 Mechanical Dentistry. A Practical Treatise on the 
Construction of the Tanous kinds of Artificial Dentures 

BASED OM THE EIGHTH EDITION OF CHARLES HUNTER S WORK 
OF THE SAME TITLE, RE EDITED BV E Samson LONDON 
TECHNICAL PRESS LTD, 1945 203 PAGES 117 ILLUSTRATIONS 

22 1 U cm. 15l [£0-75] 

As the foreword to this book indicates, it is, m effect, a 
re-editmg of the eighth edition of Charles Hunter s work of the 
same title It is a pity that evidence of this fact is not to be 
found on the dust cover, since it is clear from a reading of the 
text that the personal contribution made by Mr Samson is a 
small one 

In view of Mr Samson’s widespread comments on many 
aspects of dentistry one approached with especial interest the 
™ew of this book It was therefore a particular disappointment 
to find so little in it that one can commend The only justification 
for its publication would seem to be in consequence of the 
possible historical value of much of its contents 

It is important that foreign readers should not consider the 
hook as representing the present state of mechanical dentistry in 
untain In the chapter dealing with impression-materials 
reference is made, in a footnote, to zelex, “ as perfect in results 
^nd far easier to manipulate than dentocoll ” No comment is 
made as to the shortcomings of the alginate materials as evidenced 
uy the adverse comments of many commercial laboratories 
ltle 2 uth° r says that in casting the model “ we should have what 
is called a * hard model ’—the only way known is by mixing 
piaster thick or using one of the artificial stones ’ This illustrates 
j .typ* of superficial comment on present-day procedures 
yl me chapter on “ Gold for swaged plates ” one finds a picture 
, L ^ unck-budt draught-furnace for gold, and, in keeping with 
hnku'y Victorian sentiment so characteristic of most of the 
oook, one finds complete directions for alloying gold, using as 
Fnoi if 11118 P° mt that rare, nay, virtually unknown, coin, the 
Lugmfi golden sovereign Having dealt with the matter very 
a page and a half, the editorial footnote laconically 
the use of the English sovereign for melting is now 

i,n A .l hapter on ^ramies is strangely reminiscent of the literature 
Com^ ny SUbjeCt PUt Porwar d ty the Amalgamated Dental 

of space prevent one dealing with all the 

“nations of the text, but it is obvious that any text book 


published m 1945 that omits all reference to acrylic resins and 
cast stainless steels can command little interest for those con- 
cerned with recent developments 
Such minor errors as the atomic weight of sdver, 10 8, the 
freezing point of mercury, 37 9° F , do not seem to have troubled 
the proof reader Chapter 17, under the heading, “ Properties 
of metals, specific gravity, etc ,’’ contains the solemn statement, 
“ FLxed lois expand 1/12, that is, 12 measures become 13 ” 1 
In the reviewer’s opinion, the book is, from the standpoint of 
present-day knowledge, a lamentable failure 


A MEDICAL REFERENCE BOOK 

614 f058) 

191 Health and Social Welfare, 1945-1946 

advisory EDITOR, Ri Hon Lord Hordes, iondon toddpUB 

USHING COMPANY LTD 1945 519 PAGES 22il4cm. £1 U (£105] 

The second annual issue of this yearbook more than fulfils 
the promise of its predecessor All sections have been enlarged 
and the present volume is more than twice the size of the first 
Its 520 pages contain an extraordinary amount of up-to-date 
information concerning all aspects of health and social welfare 
throughout the world 

Section 1 contains 30 articles by recognized authorities on a 
wide range of medical and medico-social topics Of special 
interest at the present time are those by Sir John Boyd Ore on 
“ Nutrition and national health,” by Hdde Fitzgerald on 
“ A national health service,” and by Professor F A E Crew on 
“ Social medicine ” Miss Dorothy Manchde’s article on the 
hospital almoner admirably fills a gap to which we drew attention 
in our review of the first issue of this annual Section 2 is a 
survey of health legislation and policy Section 3, one of the 
most useful in the book, contains official directories of govern- 
mental and other official bodies concerned with health, both at 
home and abroad Section 4 consists of official statements 
setting out the scope and functions of ministries and government 
departments, and of such bodies as the Chantv Commission, 
the General Medical Council, and the General Register Office 
Section 5 gives similar information regarding a large number of 
non governmental bodies and institutions Section 6 deals with 
officially-appointed committees and contains much useful 
information which is not to be obtained from any other printed 
source Section 7 consists of an article on “ Careers in professions 
associated with health and social welfare,” by Miss Isabella 
Williams Secuon 8 is a directory of organizations interested 
in health and social welfare , it is comprehensive and gives full 
addresses and telephone numbers Section 9 consists of 
statistics and tables, and will save many from the sloughs of the 
official returns Section 10 lists books, periodicals and films 
Section 11, a Who s who in health and social welfare,’ is the 
weakest in the book Many of those listed, although eminent 
enough in their respective spheres, appear to have no special 
connecUon with health or social welfare An excellent index has 
now been provided, but this feature might be sUll further 
improved if the principal references under some of the longer 
entries were indicated in heavy type 
An invaluable reference book such as this needs no extraneous 
adornment, but many of its users will nevertheless be grateful 
for the striking photograph of the Minister of Health and the 
lifelike caricatures by Sallon which are provided 


PHYSIOTHERAPY 

615 82 

192 Physical Treatment by Movement, Manipu- 
lation and Massage 

Jar-u B Mrnn.Il FIFTH EDITION LONDON J & A 
CHURCHILLLTD 1945 512 PAGES 2SS ILLUSTRATIONS. 22xl4c=_ 
£1101. [£15] 

The first appearance of this book m 1917 marked a great step 
forward towards the pracUce of rationa, physiotherapy The 
ground was c eared for critical examinanon of the indications 
for and against the employment of physical measures , the 
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physiological basis for treatment by exercises and manual 
methods was set out, and the field of massage and manipulative 
technique was comprehensively surveyed This volume rapidly 
became the stand-by of the enquiring physiotherapist and 
interested medical man But succeeding editions have proved 
disappointing , for the author has allowed the book to fall 
increasingly behind the times The results of recent research 
in the field of physical medicine have not been reflected by 
corresponding changes in the text On the one hand, the value 
of many of the methods advocated has become so universally 
recognized that they are incorporated m the everyday practice 
of rehabilitation On the other, methods based on ideas no 
longer held are still included in the text, though, in fact, in large 
part rejected by the medical profession (e g massage for 
fractures) The rigidity resulting from lack of revision leads to 
the curious situation whereby excellent material and abandoned 
concepts are presented throughout with equal emphasis 

The first hundred pages are devoted to consideration of 
massage, relaxed passive movements and exercises This part 
of the book is not important The value of exercises is in no 
doubt and several established treatises deal with it fully Relaxed 
movements have been all but abandoned, and massage is 
nowadays seldom ordered for the conditions under discussion 
Moreover, Dr Mennell permits himself to address the physio- 
therapist in a prose style mingling prolixity, exhortation and 
warmngs in a manner both confusing to her and out of place 
in a scientific work 

The author then passes on to forced movement Here he 
remains master of his subject and the matter presented is of 
outstanding interest The account of the range of movement at 
various joints is excellent , well-chosen skiagrams illuminate 
the points made The most suitable grip for each manipulation 
is described in the text and illustrated by clear photographs 
This is the most valuable part of the book , one would wish 
that it had been expanded 

Fifty pages are set aside to backache and sciatica A system 
of examination is suggested, but the significance of the various 
possible findings is presented in a confusing way This is 
perhaps inevitable , for the author regards backache and 
sciatica as commonly resulting from sacro-ihac-joint lesions and 
contracture of the lho-tibial band The research carried out over 
the past ten years on protrusion of a low lumbar intervertebral 
disc is wholly ignored Thus, no coherent picture may be 
expected to emerge when tests are described for joint and fascial 
lesions with which the symptoms under discussion are now 
known to be unconnected 

This pioneer book on physiotherapy should be read m a 
discriminating spirit by all students of the subject There is 
much that is good and true in it , other parts have not stood the 
test of time Nevertheless, no text-book has yet appeared to 
take its place , hence one may be permitted to hope that it will 
be Dr Mennell himself, m a future edition, who will so revise, 
curtail and expand the contents that they once more provide 
guidance on to-day’s problems m the field of physiotherapy 


NEW EDITIONS 

193 The Medical Annual, 1945 61 (058) 

EDITED BY Sir Henry Tidy & A Rendle Short BRISTOL, JOHN 
WRIGHT AND SONS LTD , 1945 410 PAGES , 47 PLATES 

61 ILLUSTRATIONS 21 x 14 cm £1 5s [£1 25] 

Several new subjects are included m this latest issue of the 
Medical Annual A review of Vital Statistics is contributed by 
Dr Percy Stocks Primary Atypical Pneumonia receives recog- 
nition with a chapter written by Col W S Middleton, of the 
U S Army Medical Corps Yellow Fever Control is discussed 
in a special article by Major-General L T Poole and Major 
J W Howie Major-General Poole and Lieut -Colonel H J 
Bensted also review fully the subject of Scrub Typhus (tsutsu- 
gamushi disease) The serious proportions attained by this 
disease during the jungle warfare in the Far East gave oppor- 
tunities for its intensive study 1 


1 [See BMB 781 for a report of wort on this disease —Ed ] 


A special article on the indications and contra-indicatlonj 
for penicillin treatment is written by J S Jeffrey, and is patttcu 
larly useful now that supplies of this substance are becoming 
generally available The war experiences of many of the con 
tnbutors are reflected in this volume, which continues to provide 
a concise review of recent progress in medical treatment, par- 
ticularly valuable for the general practitioner 

194 Synopsis of Obstetrics and Gynaecology 618 (02> 

Aled W Bourne NINTH EDITION BRISTOL, JOHN 
WRIGHT AND SONS, 1945 500 PAGES , 168 ILLUSTRATIONS 
18x13 cm £1 Is [£I 05] 

This is a useful handbook for students preparing for qualifying 
midwifery and gynaecology examinations It sets forth the 
principal points of obstetrics and gynaecology in a simple and 
concise manner and is intended to be used as a supplement to, 
rather than a substitute for, the usual textbooks This edition 
has been very thoroughly revised, and mastery of its contents 
by the student should enable him to satisfy the demands of the 
examiners 


195 Materia Medica. Pharmacy, Pharmacology and 615 (02) 
Therapeutics 

Sir William Hale-White 26th EDITION, REVISED BY A H 
Doulhiialte LONDON, J & A CHURCHILL LTD, 194+ 
x + 534 PAGES 18 x 13 cm 14s [£0 7] 

New editions of “ Hale-White ” appear with a frequency 
which is embarrassing to the reviewer, and it is difficult to find 
anything to add to what has previously been written about it 
The book has achieved 26 editions in 52 years and is well known 
to all medical practitioners and senior students m Britain 
It gives an account of the composition, dose, actidrl and indica- 
tions for all therapeutically important drugs in use at the present 
time, and lit this new edition mention is made of the most 
recently introduced sulphonamides, new anticoagulants, hor- 
mones and penicillin The section dealing with the sex hormones 
has been revised by Dr P M F Bishop Enlargement of the 
index, a feature of the two previous editions, has been continued 
in order to supply more therapeutic references , we hope that 
the unhappy term “ tubercular vaccines ” will be omitted in me 
next edition 


196 The Diagnosis of Nervous Diseases 616 8 ( 02 ) 

Sir James Purves-Stevart NINTH EDITION LONDON EDWARD 
ARNOLD & CO 1945 vm + 880 PAGES, 358 ILLUSTRATION 
1 COLOURED PLATE 22 x 14 cm. £2. 

Chapter headings (i-n) physiological anatomy , (m) method 
of case-taking, (iv) delirium, (v) coma, 
phenomena , (vn) involuntary movements , (vm) “Pfrf* ’ 
(ix) disorders of articulation , (x-xi) cranial nerves , (xjJ P 
and other abnormal subjective sensations , (xm) abno 
of sensation hyperaesthesia, paraesthesia, anaesthesia , i 
organic motor paralysis of upper neurone typd , , (x ) g and 
motor paralysis of lower neurone type , (xvi) . am j 
transient palsies , (xvn) mco-ordination , (xvnOp f 

gaits , (xix) tropho-neuroses , (xx) reflexes , (»d) 01 

the vegetative nervous system , (xxn) the psych t j, e 

(xxui) electro-diagnosis and eledtto-prognosis , l . ntra . 
cerebro-spmal fluid , (xxv) disorders of sleep , ( 

Cr This ls'anew edition of a well-known book ^? a ^ancefnwde 
forty years ago, revised in the light of the rapid a 
m neurology during recent years .. lW nhvsician to 

In his preface the author, who is 
the Westminster Hospital, the West ^ 4 I( PwnsDital relates 
Diseases, and the Royal National Orthofiaed re ^ ren ’ ceS an d 
how, returning from America pruned with f ^ byenem y 
new illustrations, he was unfortunate enough _ ^ nevv edition 
action all this material and his manuscrip illustrations 

We had hoped that in this edition some of the o der mu 
would have been replaced by wore modern p m n £*» a 
theless, there are some new illustrations, an f av ounte 

warm welcome for this new edition of an established 
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197 Handbook of Diagnosis and Treatment of 616 957 
Venereal Diseases 

A E W McLachlan SECOND EDITION EDINBURGH. 
E. & S LIVINGSTONE LTD, 1945 371 PAGES, 139 ILLUS 

TRATIONS (20 IN COLOUR) 19x13 cm 15« [£0 75] 


The call for a second edition within eighteen months 1 confirms 
the success of this textbook in providing elementary instruction 
for the student and concise facts for the practitioner The 
notable feature of tabulating the differential diagnosis of 
venereal lesions and other conditions commonly mistaken for 
them remains unaltered The fuller consideration of the inter- 
pretation of the routine serological tests for syphilis, the intensive 
arsenotherapy of early syphilis now more widely applicable, 
and the use of penicillin for both gonorrhoea and syphilis, has 
improved the value of this second edition 

Few will quarrel with the advice that patients with gonorrhoea 
should be hospitalized for 24 hours when receiving penicillin 
but for various reasons, including the scarcity of nurses and 
hospital staff, this Utopia is seldom attainable in practice , the 
majority perforce are treated, adequately and with a minimum 
of inconvenience and financial loss, as out-patients The author 
believes a total dosage of 100,000 units of penicillin in five equal 
intramuscular injections of 20,000 units at three hourly intervals 
to be sufficient to cure most cases of acute gonorrhoea If com- 
bined with sulphadiazine or sulphathiazole, this may be so, but 
for two reasons, many prefer the higher dosage of 150,000 units 
in five injection^ of 30,000 units at two hourly intervals 

* (For review offim edition, tec SMS 3S7/35 ] 


relapses are fewer and the cure-rate is higher, and as an out- 
atient, only one working day is required This obviates 
ospitalization and patients’ embarrassment at having to explain 
unexpected absence from home for a night Indeed, to assure 
security, recent experience suggests that a still higher dosage of 
200,000 units is advisable in most cases The difficult question 
of the criteria of cure in gonorrhoea, especially in this new era 
of sufphonamide and penicillin therapy, is hardly elaborated 
enough for a subject of such crucial importance to both patient 
and practitioner 

The chapters on the clinical aspects of syphilis in all its stages, 
including late generalized syphilis, lesions of bones, joints, 
muscles, viscera, cardiovascular and neuro syphilis, are fully 
described and illustrated by suitably chosen and well-reproduced 
photographs Senior students should find them exceptionally 
useful A positive Ehrlich test in the urine is said to contra- 
indicate the administration of neoarsphenamme , while this is 
true in most cases, the qualification might be added that the 
unne of pregnant woman and those who have imbibed alcohol 
during the previous 24 hours will also give this reaction, which 
in these patients is without dangerous significance 
The next edition of this admirable volume might include the 
recent observation that podophylhn, 25% m paraffin, success- 
fully removes genital papillomata without causing the burning 
or irritation which is liable to accompany the recommended 
application of trichloracetic acid 
No material changes have been made m the contents of this 
handbook, which will continue to succeed in its purpose of 
providing a concise epitome of the modern principles and 
practice of venereology , the pitfalls of diagnosis are detailed 
and the treatment recommended is practical and effective 


FILMS There has recently been a considerable amount of 
discussion In the 'British medical press on the use 
of the film In medical education Several different 
organizations, and a number of private individuals, 
have made medical films which have been regarded 
as having considerable educational value For this 
reason it was decided that the time had come to 
start In this bulletin a section in which films o* 
medical oh biological interest could be reviewed 
The first of these Film'sections appeared in No 6 
of Vol 3 The article by Dr Russell Reynolds, 
which opens the Film section in this number, is 
the first of a series in which medical men or 
i biologists who have had practical experience in 
making films of Medical interest will discuss their 
' aims and some of their problems Dr Russell 
Reynolds is very well known as a pioneer of 
cineradiography, the subject of this article In our 
next number we shall publish an article by an 
anaesthetist who played a considerable part in the 
production of a series of films on anaesthesia 

811 

CINERADIOGRAPHY: ITS 
TECHNIQUE AND APPLICATIONS 

Russell j Reynolds, c b e , frgp, 

DMRE, FFR 

Consulting Physician in Charge, Department of Radiology, 

Charing Cross Hospital 

The first “ x-ray photographs ” (as they were then called) 
oi Human subjects appeared in 1896, and the writer still possesses 
if 5 ray p ‘ ate taken by himself m that year, with his own home- 
made apparatus It is interesting, therefore, to note that as 
23 '897 — only two years after Rontgen had made his 
November 1895, a Glasgow doctor, John Macintyre, 
r p . d ,0 Produce an x-ray cinematograph film, and so became 
r,|L st worker in the held of cineradiography 
1 must oe remembered that cinematography was only in its 


infancy, being developed, as we know it, m 1896 Of necessity 
MacIntyre's choice of method was limited by the means at his 
disposal He took serial radiographs of a frog’s leg, moving 
its position slightly between each exposure The completed 
series of plates Was then re photographed on to an ordinary 
cinematograph film for projection The method he employed 
was clearly of an experimental value only, and was quite 
inapplicable to examination of the living human subject Apart 
from the time required, the level of tolerance to x rays was 
reached and passed, long before a sufficient number of radio- 
graphs could be taken No further effort was made for many 
years to produce an x-ray cinematograph record 

But gradually apparatus Decame more powerful, and x ray 
tubes more reliable, and the fluorescent screens used to convert 
the invisible rays into visible light were improved to give greater 
luminosity Sensitivity of the photographic film emulsion was 
increased and lenses of wider aperture were designed It then 
became theoretically possible to make cmeradiograph films by 
two additional methods 

The first, or Direct Method, utilizes the power which x rays 
share with light of affecting a sensitized photographic emulsion 
Rays emitted by the tube pass through the subject under 
examination, and then strike the sensitized film which is momen- 
tarily clamped between two fluorescent or intensifying screens 
The screens reinforce the direct action of the rays by the visible 
light which they emit when struck by the rays This is, of course 
a method now employed in normal radiography 

The second, or Indirect Method, employs a rather different 
principle In this case, the rays passing through the patient, 
strike a fluorescent screen, and the shadows cast on this screen 
are photographed in the ordinary way with a cinematograph 
camera 

Many problems had to be solved before either method 
gave satisfactory results In the examination of the living 
subject, the risk of over-exposure to x rays, with consequent 
burning or injury, must constantly be borne m mind X rays 
cannot be focused, and this limns the scope of the Direct Method 
If, for example, an attempt is made to take a cmeradiograph 
film of a chest by this method, then each separate frame of the 
senes must be at least as large m area as the projected dimensions 
of the chest under examination (approximately 33 x 30 cm ) 

It is not possible to obtain a true cinematographic effect at 
a projection speed of fewer than 12 frames per second and indeed 
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a higher speed than this is desirable The operator would, 
therefore, be faced with the problem of runmng a film area of 
180 square inches (about 1160 cm ‘) into position between two 
fluorescent screens 12 times every second, and holding it there, 
absolutely still, while the exposure is made This allows, at the 
most, a time of only 1/24 of a second for the necessary movement 
Assuming that a total exposure time of 10 seconds is needed for 
the completion of the movement of the part under examination, 
it follows that a strip of film 120 feet [36 6 m ] long by 15 inches 
[38 cm ] wide would be required The difficulties of designing an 
apparatus capable of handling such a film are very great, and the 
cost of examination is prohibitive Moreover, the problem of 
development still remains, followed later by reduction to standard 
size of 35 or 16 mm for projection 
Some workers have used the Direct Method and have had 
success with a restricted area of about 5x4 inches [12 5 X 
10 cm ] when speed in movement was not essential, e g , filming 
the contractions of the gall-bladder This method precludes 
examination of large areas, but allows records to be obtained of 
some of the organs, and rather circumscribed views of most of 
the joints It is, however, a method for operation only in research 
institutions and laboratories and it cannot with advantage be 
used in private or hospital practice Even with an exposure 
field reduced to 5 X 4 inches, film costs are high, and the problems 
of keeping the film free from vibration during exposure, and 
of processing, present many serious practical difficulties 


1927 These films of the thorax were, of course, useless for 
cinematograph projection, but they were the best which could 
be obtained at the time 

Experiments were resumed in 1933 By that date it was possible 
to obtain a more brilliant screen and new photographic films , 
a lens of wider aperture was also available (0 85) Results were 
most encouraging, and by 1934, adequate records had been 
produced of the movements of all joints except the hips and the 
lower spine, at speeds up to 12 frames per second (1/24 of a 
second exposure), and of the heart and stomach at slightly 
slower rate 

Since this time, there have been very marked improvements in 
the results It has been found possible to reduce the intensity 
of the x-ray beam considerably, and still obtain records of joint 
movements at speeds up to 50 frames per second (1/100 of a 
second exposure) Films of the heart taken at 25 Fames per 
second (1/50 of a second exposure) produced a slow-motion 
effect when projected at a slow speed There has been a corres- 
ponding improvement in the rate at which films of the stomach 
may be taken (12 frames per second , 1/24 of a second exposure) 

As exposures have been reduced, the risk to the subject under 
examination has been steadily diminished until, at the present 
time, the subject receives less than he would in an ordinary 
prolonged x-ray examination Nevertheless, the method by 
which the recent films have been taken is essentially the same as 
that employed m the experiments of 1921,i e photography of the 


FIG I EXAMPLES OF 16 mm X-RAY 



Specimen prints taken from 16 mm films of 
normal hand-movements and of the chest in a case 
of pericarditis with effusion and adhesions 


Difficulties of another kind face the operator who chooses the 
Indirect Method The intensity of light emitted by the fluorescent 
screen is weak It can be increased if the intensity of the beam of 
x rays to which it is subjected is also increased, but this, of 
necessity means an added exposure-risk to the subject under 
examination In addition, to make the greatest possible use of 
all the light available, a lens of very large aperture is required, 
together with a photographic film of great sensitivity At the 
same time the film must be protected from the direct beam of 
x rays which escapes beyond the fluorescent screen (about 
3% only is absorbed by the screen) If sufficient light can be 
obtained, the method is simple in operation The film is readily 
obtainable and, being of standard size, is easy to process and 
does not have to be reduced for ultimate projection 
The writer began his cineradiographic experiments in 1921, 
using the Indirect Method From the outset, it was clear that 
the fluorescent screen would emit a satisfactory quantity of light 
only if the x-ray beam directed on to it were of high intensity 
Under such conditions, the risk to the subject of over-exposure 
to radiation was considerable and the strain on the tube was 
great A switch was therefore incorporated in the apparatus 
which synchronized the excitation of the tube with the opening 
of the camera-shutter In this way, the exposure of the patient 
was reduced by half, and the strain on the tube was reduced to 
a corresponding extent , ,, , , , 

In 1925, using the most brilliant screen available, together 
with the most sensitive photographic film and a wide-aperture 
lens (1 5) a film was obtained of a hand and wrist, at a speed of 
1/8 of a second for each image Reproductions of a child’s 
thorax were obtained in 1/3 of a second and these results were 
shown at the International Congress of Radiology at Chicago in 


FIG 2 CINERADIOGRAPHIC APPARATUS 



Camera unit on adjustable pedestal 

rescent-screen image with an ordinary ane-camera, and 
:hromzation of the openmg of the camera shutter with the 

tation of the tube firn „ „ n to c 

total exposure-time updo 10 seconds (radiation-ti P 
conds) is ample for showing any cycle of movement Alter 
ilopment, the 16 mm film negative is printed and the parts 
loined into a continuous band Films of tius „ si ^ ar „ nc can 
died in comparatively short lengths, that all P r0 ““'"® te 
:amed out quite simply This band con a.nmg complete 
es of the movements, can be threaded through P °J 
allowed to run continuously while the action )s , s ^ d ly 
mring the course of his research, the v voter tasteken n»J[ 
(0 cineradiographic films— at least 70 /i of _ 

iects, and at no time has there been any eudence or 
diation At a maximum, the patient does not ^ ent 
i about 64 r units for any single examination 
j, the method is quite simple, reliable and sate not 

fAr OT nm^ it will be clear that cineradiograpny 
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only opens up a vast field in research, but will give invaluable 
aid in medical diagnosis It is not yet possible to set a limit to 
its uses and applications, and although a great deal of expen- 
mental work hps been carried out, much more is required before 

FIG 3 CINERADIOGRAPHIC APPARATUS 



Side view of complete unit 

all its potentialities are assessed Its value in the exammation of 
the normal movements of joints is obvious, just as is the detection 
of possible causes of restricted movement, and later comparison 
of the degree of movement before and after treatment 

It is probable that, in the future, a cineradiographic record of 
the heart beat will be included in the complete medical examina- 
tion of that organ as a routine procedure, but before this technique 
can be fully utilized in the diagnosis of abnormal conditions, 
further study of normal cineradiographic appearances is 
necessary 

Just as it is necessary to possess adequate knowledge of the 
normal appearance of an organ under examination in a “ still ” 
radiograph, before proceeding to the diagnosis of the abnormal, 
so it will be necessary to be equally familiar with the appearance 
m normal and abnormal movement in a cincradiograph film 
The response of organs to the action of drugs offers another 
interesting field of study by cineradiography It may be advisable 
to make films of the heart recording simultaneously the electro- 
cardiograph tracing at the base of the film This has already been 
successfully carried out by the writer, both with the cathode-ray 
oscilloscope and the Cambridge string electrocardiograph 
instruments Needless to say, sound recording can always be 
incorporated 

Further examples of the uses to which cineradiography can be 
put in the medical sciences could be multiplied almost indefinitely 
Nothing has so far been mentioned as to its application in medical 
education Students assimilate knowledge far more easily if 
they can study the actual movements at leisure, and permanent 
records are always available 

In experimental physiology, cineradiography has already 
proved its worth and in experimental science generally its value 
hav yet to be assessed 

In February 1936 by the generosity of Lord Nuffield a 
cineradiographic apparatus as illustrated in this paper was 
installed at the Nutheld Institute of Medical Research Oxford 
The department was opened by the late Sir Farquhar Buzzard 
Bart , rcgius professor of medicine it Oxford and the author 
save a demonstration ot its use Subsequently some experi- 
mental work with the apparatus was undertaken bv Dr A. E 
Barclay in 1939 he published a paper in conjunction with Sir 
Joseph Barcroft, r R S Dr Barron and Dr k J Franklin on 
' radiographic demonstration ot the circulation through the 
reart in the adult and in the foetus and the idcntiticution of tbe 
ductus arteriosus 1 


Apart from general exammation of patients for diagnostic 
purposes and the recording of normal movements of healthy 
patients, several important pieces of research work have been 
carried out with the cineradiographic apparatus In the 
Hunterian Lecture of the Royal College of Surgeons in January 
1937, the author demonstrated the results of his research on the 
movements of the oesophagus, stomach and duodenum during 
the passage of an opaque meal Valuable information was 
obtained of the exact mechanism during peristalsis and the 
passage of the meal 

In 1939 also this method of investigation was used to demon 
strate the action of the Bragg-Paul pulsator The films obtained 
were shown at a meeting -of the Physiological Society of Great 
Britain ( Cineradiographic films illustrating normal respirauon 
and artificial respiration with the Bragg-Paul pulsator ’ ) 
The normal respiratory movements of a healthy male and female 
were shown, and the movements were observed when the depth 
of respiration was increased by the use of the Bragg Paul pulsator 
The movements in the latter case are similar to those observed in 
deep breathing of the subject, increased diaphragmatic move- 
ment being evident as well as increase in the costal excursion 
In the films of unassisted quiet breathing, the usual pause at the 
end of respiration can be seen and measured This is not evident 
in the artificial respiration films when, however, a pause occurs 
between inspiration and expiration 

In conclusion it may be stated that only by the cineradiographic 
method of examination can one adequately study the functions of 
organs and joints and obtain complete records of movements 
So far, movements have been observed only on screen examina- 
tion, i e the fluorescent screen image , this necessarily has to be 
very rapidly carried out owing to the danger of over-exposure 
to x rays The radiologist has to be content with viewing the 
screen for a few seconds only and memorizes what he has seen 
He can of course take an x ray film at any given instant but this 
only records conditions at the particular moments of exposure 
With a cineradiographic film, however it is possible to obtain 
a permanent record of movement which can afterwards be studied 
at leisure It is available at all future times for comparison with 
other cine films that may be made It is necessary only to expose 
a short length of film showing one or more cycles of movement 
The extremities of this film can be joined to make a band, which 
constitutes a complete record of the case This record can be 

FIG 4 CINERADIOGRAPHIC APPARATUS 
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kept with the patient’s notes and can be examined with the patient 
at any future consultations that may be necessary, wherever the 
patient may be 

The cost of production is small, not exceeding that incurred in 
having a complete .x-ray examination in the usual way 

I should like to acknowledge here the valuable help I have 
received in the latter part of this work from my sons Dr Seymour 
Reynolds and Major S R Reynolds, R A M C 


nected to the tubes from the tambours controlling the two hori- 
zontal movements of the lever in the receptor The pistons of 
these syringes are connected to a ring encircling a vertical lever, 
which can be rocked about a universal joint at its lower end 
Movements of the knob on top of this lever are therefore com- 
municated pneumatically to the micro-needle, whose point 
faithfully copies them on a much smaller scale 
Vertical movements are accomplished by rotating the knob 
on top of this controlling lever This moves the piston of a 
third syringe, incorporated in the body of the lever and con- 
nected by the third rubber tube to the tambour responsible for 
vertical movements of the lever bearing the needle 


The four films reviewed here were recently shown 
in London by Dr P de Fonbrune to an audience of 
biologists and medical men Dr A G Sanders, 
of the Sir William Dunn School of Pathology at 
Oxford, has provided the following notes on these 
unique films Dr Sanders has himself had 
experience in the making of films tit the field of 
experimental pathology 
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FOUR REMARKABLE FRENCH 
MICROBIOLOGICAL FILMS 

These four films were produced by Drs Comandon and 
de Fonbrune in the laboratory of cmemicrography of the Pasteur 
Institute in Pans This laboratory is situated in the annexe at 
Garches, so as to be well away from the vibrations caused by the 
traffic of the city Here has been developed the technique of 
microdissection to a very high degree, and such fine manipulations 
as the rupture of individual erythrocytes, or the transplantation 
of the nucleus from one amoeba to another, are performed with 
apparent ease To perform these delicate operations special 
instruments were devised and also the apparatus heeded to make 
and mampulate these instruments These are demonstrated in 
the first film 


1 NOUVEAUX APPAREILS POUR LES MICRO- 
MANIPULATIONS 

The extremely fine micropipettes, needles, scalpels, hooks and 
other tools used for these operations are made under direct 
microscopical observation vfuth an apparatus called the “ micro- 
forge ” 

Most of the instruments are made of pyrex glass, though soft 
glass is sometimes used for' special purposes 

A fine glass tube or rod is first sealed into the end of a wider 
one, which is clamped into the instrument-holder of the micro- 
forge The fine end is brought into the field of view of a hori- 
zontal microscope with an inclined eyepiece 

Heat is supplied by a V-shaped platinum-indium filament, 
which can be electrically heated to any desired degree Cooling, 
if needed, is supphed by jets of cold air from an electric blower 
Both the instrument under construction and the filament can be 
moved in all necessary directions by suitable control knobs 
The film shows in detad how several different types of instru- 
ments are made 

For microdissection with these extremely fine instruments a 
special type of micro-manipulator has been devised It consists 
of two parts connected only by rubber tubes The receptor 
consists of a heavy metal base on which is a frame carrying three 
metal tambours, similar to those found in aneroid barometers 
The diaphragms of these tambours are set at right-angles to one 
another A complex lever is connected to the centres of the 
three diaphragms and bears at its free end a clamp for holding 
the micro-needle or other instrument An alteration in the air- 
pressure within any tambour moves its diaphragm in or out, and 
consequently displaces in the corresponding direction the ldver 
and the instrument held by it 

The tambours of the receptor are connected by three rubber 
tubes to the manipulator On the base of the manipulator are 
hinged two glass-and-metal syringes with very well-fitting 
pistons They are at right-angles to one another and are con- 


2 EXPERIENCES SUR LES ERYTHROCYTES DE 
GRENOUILLE PARASITE PAR UNE HEMOGRE- 
GARINE (LANKESTERELLA) 

The oval, nucleated erythrocytes of a frog are shown in this 
film Some are parasitized by a species of Lankesterella The 
movements of the parasite within the red cell can be seen, and 
also the astonishing ease with which the parasite leaves one cell 
and enters another The cell-wall appears to present no bamer 
at all to the parasite, nor does haemoglobin escape from the cell 
at the point of entry or exit of the parasite 
The red cells are also shown when being pierced with a glass 
micro-needle Although the needle appears to be more pointed 
than the front end of the parasite, there is obviously some diffi- 
culty in piercing the cell-wall with the needle After puncture 
there is usually very little escape of haemoglobin from the cell, 
as the cellular protein rapidly forms an impermeable patch over 
the hole 

Occasionally, however, the patch gives way and the cellular 
contents, including the nucleus escape 


3 ABLATIONS ET GREFFES DE MOYAUX CHEZ 
UNE AMIBE 

For studying the slow movements of an amoeba, time-lapse 
cmemicrography has been particularly useful and has revealed 
things which would not have been apparent by direct observations 
The gross movements as well as the intracellular protoplasmic 
movements of a healthy amoeba are quite characteristic when 
photographed in this way 

The technique of removal of the nucleus by microdissection 
is then demonstrated After this operation the cell shnnks and 
stops moving about, though movement of protoplasm within 
the cell still continues Fresh food is not ingested, but any food- 
particles already engulfed are slowly digested The cell without 
its nucleus may, however, be still alive after 48 hours 

Into such a cell it is possible to graft another nucleus from 
a healthy cell A few minutes after such an operation the powers 
of locomotion and ingestion of food are restored, and the 
protoplasmic movements return to normal Such grafted cells 
have been observed to undergo normal mitotic division soon alter 
operation 


4 ETUDE D’UN CHAMPIGNON PREDATEUR DE 
NEMATODES 

A curious fungus, Dactylaria brocopaga, is found in garden 
ioil When grown m pure culture m the absence of a certain 
nicroscopic nematode worm on which it P aras / tJ ^ e 
nycehum is very similar to many other fungi When, however, 
he nematode is present, the fungus produces little n ss, some 
!5.u in diameter, attached to the hyphae Each ring consists 

)f I t f h one C of S the nematodes tries to pass through the r *°8 these 
hree cells suddenly expand inwards and so grasp the worm 

^Projections from the inner aspects o£ the cells enter the body 
>f the worm and through them the fungus first kilk andlatw 
heests the worm The whole process takes from 12-24 hours 
Other similar fungi catch and hold their prey yP r0 k 
letworks of mycelium which are sticky or from which sticicy 

5U M°cr S os P co°S de nematodes and other ' 

mtangled in the sticky network are killed and digested y 

iingus 
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The stickiness of some of these fungi can be demonstrated 
b> touching them with a glass needle held in a micromanipulator 

* 

These four films are of the greatest interest to specialists in 
the subjects with which the> deal, but arc scarcely less interesting 


to all biologists They could also be shown with profit to students 
of biology in schools and universities 
Technically they are all of the highest quality Those who 
have experience in cinemicrography can best realize what an 
enormous amount of time and really hard work must have been 
needed for their production A G Sanders 


[Oterseas medical teachers and medical societies who wish to borrow or purchase prints of the films Indexed or reviewed here should apply to 
the nearest British Council representathe {.see back co\er) or direct to the Editor, quoting the numbers used below, eg Film 10 Inclusion 
of a film in this section does not Imply that a print will be available for loan or purchase In some cases It will be, and in others It will not ] 


813/14 Movement of the Tongue in Speech 

nude by Realist Film Unit, 1945, slow motion with photography by 
Kodak Research Laboratory , owned o> 1 C I ,16 ram sound, 
444 ft- 1130 m.1 , 35 mm. sound, 1112 ft. [330 m ) , 2 reels , 
Technicolor and black and white , 13 minutes 

This review by Sir Richard Paget the distinguished authority 
on human speech, is reproduced from Documentary News Letter 
(1945, 5, 93) by permission of the editors 

Movements ot the human tongue and lips during speech as 
seen in a male patient with part of his right check removed by a 
surgical operation Technicolor shots at normal speed are 
associated with black and white shots of the same action, speeded 
up 40 times 

A somewhat gruesome film but of great technical interest 
The first instance (it is believed) in which the actual movements 
of the tongue have been made visible Only the more forward 
movement can be seen, as the portion of the palu.nl s cheek 
which has been removed only extends a little over one inch 
from the comer of his mouth But many points of interest to 
students of phonetics and articulation arc disclosed Thus the 
backward curvature of the tongue in forming the English T,” 


and the withdrawal of the tongue as a whole to form the backward 
closures (K, G and ng) [English] can be actually seen, though 
the final closure and release are hidden 

The longitudinal growing of the tongue in articulating “ sh ” 
is made visible, as also the ‘ pantomimic ’ upward and down- 
ward movement of the tongue in articulating the word high ” 
Slow motion pictures of some of the words articulated are also 
shown In each case the voice of the commentator is heard 
giving the words which the patient then repeats after him 

For instructional purposes it would be of advantage if the film 
could be supplemented by a short preliminary statement, together 
with a cartoon film showing a complete vertical section of a 
mouth and throat (as seen from the nght) so that the relation 
between the movements actually shown in the film and the 
various accompanying movements (not visible) might be made 
clear 

The importance of good articulation needs to be stressed in 
all teaching of English speech This film is a notable achieve- 
ment, and should be the forerunner of a series of cartoon films 
derived from x-ray and other observations, showing the move- 
ments of articulation and the gestural relationship between the 
short words in English (and indeed in all languages) and the 
fundamental meanings which they convey 
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SCIENTIFIC INSTRUMENTS 

A MEDICAL TOUR OF THE 
30th EXHIBITION OF SCIENTIFIC 
INSTRUMENTS & APPARATUS 



were snown publicly for the first time at the Thirtie 
exhibition of Scientific Instruments and Apparatus, orgamzi 
5/J~ e Physical Society m London early in January, 194 
electrocardiograms using cathode ray tubes were shown 1 
A C Cossor and the Clifton Instrument Company , the Marco 
^“ aDnel lectroencephalogram was working, Multitone hi 
nne heavy-duty audiometer, and the Evans-Mendelssohn pyro 
meter was demonstrated 

T'': re were x-ray generators designed for crystallography ac 
industrial research, but not for medical use However, the 
r?f„ a tm ® selection of measuring equipment of medical interei 
Messrs Baldwin displayed a production model of the Farm 
(P !" DC P h y s Soc . 1942, 54, 435), now designed 
„P" ate ron / electric mams or self-contained batteries, in coi 
i _ ll ° n , wi ,th hw (F armer s) midget ionization chambers ( Br , 
Wnthr' 0 ’ 18" 148) This instrument will be of great vali 

routm e clinical control and for research in radiotheraf 
t ^ us stan d, too, was a production model < 
ete ? tor commonly known as the 4 clucking hen 
fnr , Com s “°wed a prototype of the Farmer dosemeter designe 
if, ra X, thera Py (.Brit J Radiol, 1944 17, 160), it lool 
on P ^ i- ally a sma U version of the Mekapion, but wor! 
ainerent principle , this instrument wilLbe marketed sooi 
niton Instrument Company showed the 4 Sphygmoscope, 


an instrument 1 designed to give visible indication by cathode-ray 
tube of the systolic and diastolic blood-pressure of a patient 
during anaesthesia Multitone showed a compact model of 
Caplan’s electroconvulsant apparatus, and a fine group hearing- 
aid installation designed for schools for deaf children this 
equipment is one of which these pioneers have every reason to 
be proud, for perfect reproduction at any desired intensity is 
obtained by a special differential cut-out adjusted to each pupil s 
requirements In addition, they showed a small deaf-aid of the 
amplifier type which will be so low in price that they have styled 
it The People’s Aid 

In the other half of the exhibition, devoted to demonstrations 
of research techniques and equipment, the National Physical 
Laboratory (NPL) showed the apparatus they have evolved for 
testing the leak of the piston of a hypodermic syringe and its 
barrel , this apparatus has been used in the determination of 
a British Standard for hypodermic syringes On another floor 
the NPL showed the apparatus which they have designed for 
standardizing Haldane haemoglObinometers , they are now 
working on a standard for the Sahli method 

The medical exhibits were only a very small portion of the 
whole The largest crowd centred round the Metrovick electron 
microscope, and the hall demonstrating radar equipment was 
unapproachable for the crush Yet, strangely enough, wartime 
equipment was not much m evidence, and some splendid new 
equipment designed specifically for peacetime needs was on 
show Chas Baker and Cooke Troughton & Simms both 
showed research microscopes of new design, while Puffin (Optics) 
displayed a splendid heavy duty projector with air-blast cooling 
designed for projecting film-strip and substandard colour slides , 
this should find a wide demand in equipping new lecture theatres 

This annual exhibition popular enough in pre-war years was 
phenomenally successful after 6 years’ absence The entire 
issue of 4,000 catalogues was sold out 1 J hours after the exhibition 
opened, and on the third (and last) day a queue over 2 000 yards 
long was waiting for admission Three days is not enough for 
an exiubition of this importance, and we hope it will be possible 
to keep it on longer next year B Stanford 

1 [This instrument will bw fully described in our next number — Ed ] 
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815 GUIDE TO THE JOURNALS 


Annals of the Rheumatic Diseases 
5 September 1945 

The nature of fibrositis 1 The myalgic lesion and its secondary effects a reflex 
theory (M Kelly) 1-7 

A study of rheumatism in a group of soldiers with reference to the incidence of 
trigger points and fibrositic nodules (L G C E Pugh Sc T A Christie) 8-10 
Observations on the treatment of rheumatic fever with vitamin P (J F Rinehart) 
11-13 

A benign type of rheumatic fever (W L Ack.rman) 14-16 
Rheumatism in Sweden (W S C Copeman) 17-19 


Annals of Tropical Medicine and Parasitology 
39 May 1945 

The adsorption fluorescence estimation of mepacrine and stilbamidine (A J 
Henry Sc D N Gnndley) 1-7 

Notes on the gameiocyte threshold for infection of Anopheles gambtac Giles, 
1902, and Anopheles melas Theobald, 1903, in West Africa (J D Robertson) 
8-10 

Hypertrophied salivary glands in Glossma evidence that G pallldlpes with this 
abnormality is peculiarly suited to trypanosome infection (E Burtt) 11-13 

The action of some -aromatic diamidines on cultures of Leishmanla donoiam 
(S Adler, I Tchernomoret z Sc M Ber) 14-19 

Mosquito control by swamp drainage in the coastal belt of Nigeria (A B Gilroy 
& L J Chwatt) 19-40 

On the probable identity of a ccstode of the genus Dlphyllobothrlum occurring in 
Wales and Eire (H A Baylis) 41—45 

An outbreak of dermatitis amongst troops in North Wales caused by rodent 
mites (M A Hill & R M Gordon) 46-52 

Factors affecting the excretion of mepacrine in the urine (Army Malaria 
Research Unit) 51-60 


39 October 1945 

The rdle of Anopheles pharoensls Theobald m the transmission of malaria in 
Kenya Colony (P C C Garnham) 63-65 
Ocular lesions in trypanosomiasis (H Ridley) 66-82 

Studies of the biological properties of Splrochaeta recurrcntls in the Ethiopian 
high plateau (B Wolman & M Wolman) 82-93 
A modification of the Ide test for syphdis and yaws (E C Smith, B G T 
Elmes & J A Smith) 94-97 

Generalized recurrence in leishmaniasis (oriental sore) report of a case with 
110 lesions (A Dostrovsky & F Sagher) 98-100 
The effect of urine on Entamoeba histolytica (J M Watson) 101-116 
Investigations in the chemotherapy of malaria in West Africa IV Report on 
a case of acute mepacrine poisoning (J L Markson & J Dawson) 117-118 
Some observations on a filana Foleyella letperl (Radhct, 1916), of the North 
American leopard frog (S G Cowper) 119-124 
The morphology of the pharyngeal armature in Anophetes gamblae and Anopheles 
gambtac var melas from Southern Nigena (L J Chwatt) 124-128 
Prolonged oral administration of mepacrine I The effects on tests of organ 
function (Army Malaria Research Unit) 128-132 
Prolonged oral administration of mepacrine II Haematological effect (Army 
Malaria Research Unit) 133-136 


Biochemical Journal 
39 1945 

The chemical composition of wheat and rye and of flours derived therefrom 
(R A McCance, E M Widdowson, T Moran, W J S Pringle S.T F Macrae) 
213-222 

Hypervitamlnosis A (T Moore & Y L Wang) 222-228 
Influence of halides on the oxidation of ascorbic acid 2 Action of Cl" on the 
cupnc-cuprous system (L W Mapson) 228-236 
Oxalate content of some leafy green vegetables and its relation to oxaluna and 
calcium utilization (A A Hoover Sc M C Karunairatnam) 237-238 
Spectral absorption and fluorescence of coproporphyria isomers I and in and 
the melting points of their methyl esters (E M Jope Sc J R P O’Brien) 
239-244 

A sodium carbonate bicarbonate buffer for alkaline phosphatases (G E Delory 
& E J King) 245 

The C o unsaturated acids of pig back fat (F B Shorland & P B D de la Mare) 
246-251 

The non identity of Thudlchum’s glycoleucine ’ and norieueme (R Consden, 
A H Gordon A J P Martin ,0 Rosenheim & R L M Synge) 251-257 
A colorimetric method for the determination of cinchona alkaloids (P B 
Marshall & E W Rogers) 258-260 . 

The thermal destruction of vitamin Bi 2 The influence of buffer salts on the 
rate of destruction of co-carboxylase at 100° C (K T H Farrer) 261-263 
The vita mm D content of some New Zealand fish oils (E R Weeber) 264-267 
The gross chemical changes in the liver in dietetic necrosis (H P Himsworth <5. 

L E Glynn) 267-271 , , 

Observations on the nature of vitamin P and the vitamin P potency of certain 
foodstuff's (H Scarborough) 271-278 

Biochemical characterization of the actions of chemptherapeuuc agents 
4 Time relationships between metabolic and growth inhibiUons by pantoyl- 
taunne (H Mcllwain) 279-284 


39 1945 


(M Barber £. 


Tho antibacterial activity of simple derivatives of 2 aminophenol 
A metabohte^of 2 acetamid^Imirene (F Bieischowsky) 287-289 

Prof^rties of catahSe er *Cata^is 0 of coupled oxtdatmifofaRoho^'lD^^Kediii^i 

E F Hartree) 293-301 


i no urinary partition of sulphur in rats treated with aromatic hydrocarbons 
with special reference to growth retardation (L A Elson, F Goulden Sc 
r L Warren) 301-308 

Tho antibacterial action of 4 6-dlmethoxytoluqumone and its fate in the animal 
body (G E Glock, R H Thorp, J Ungar Sc R Wien) 308-313 

Tho production of penicillin using fractions obtained from aqueous extracts of 
3lt-3 f 17 Um Sa,hum) (R P Cook ' W J Talloch . M B Brown Sc J Brodie) 

Tho Sjucnso metabolism In vitro of Trypanosoma rhodeslense (J D Fulton Sc 
T S Stevens) 317-320 

On the distribution of glyoxaiase and glutathione (F G Hopkins IE 1 
Morgan) 320-324 

The biological assay of vitamin Da The effect of the calcium and phosphtftus 
content of the diet (JIM Jones) 324-328 v 

Biochemical characterization of actions of chemoth.rapeutic agents 5 Lack of 
gross displacement of pantothenate and p-amtnobenzoate from micro- 
organisms, by pantoyltaurine and sulphamlamide (H Mcllwain) 329-334 

Isolation from liver of new factors essential for the growth of Lactobacillus 
hehetlcus and Streptococcus lactls R (E C Barton-Wnght, W B Emery & 
F A Robinson) 334-338 

Anaemia of nutritional origin m the rat (C W Carter, R G Macfarlane 
J R P O’Brien & A H T Robb-Smith) 339-347 

The inhibition of amine oxidase by amidines (H Blaschko Sc R Duthie' 1 347-350 

The kinetics of low temperature add hydrolysis of gramicidin and of some related 
dipeptides (R L M Synge) 351-355 

The hydroxyamino component of gramicidin hydrolysates (R L M Synge) 
355-362 

Gramicidin S ’ over all chemical characterisUcs and amino-acid composihon 
(R L M Synge) 363-367 

An ammonia -yeast and some of its properties (E J Conway Sc J Breen) 
368-371 

Seasonal variation of carotene and vitamin A in butter fat and in serum (J W 
Lord) 372-374 

A modification of current micro-methods for the estimation of diodone 
(3 5 di iodopyridone-jY acetic acid) (J A Barclay & R A Kenney) 375-377 


Brain 
68 1945 

Transient disturbances following gunshot wounds of the head (W R Russell) 
79-97 

A study of pupillary inequalities m man (E A Turner) 98-117 
The adipose tissue of peripheral nerves (S Sunderland) 118-122 
Abnormal suppression of cortical frequencies (D Williams Sc J Reynell) 
123-161 

Spinal tracts subserving micturition in a case of Erbs spina! paralysis 
(J McMichael) 162 164 


British Dental Journal 
79 16/11/45 

A line of disturbed dentinal structure (M A Rushton) 271-274 
Oral hygiene for partial denture wearers (A E Rowlett) 274-275 
Epithelial cyst of the pulp (E B Manley) 27^-278 

Orthodontics and the school child A survey of 680 children (R Sdare 
278-280 

79 7/12/45 

The dental curriculum the framework of a plan (J Campbell) 306-315 
Observations on the treatment of over 100 cases of acute ulcerative gmgivius wnn 
penicillin pastilles (H F Atkinson) 317-318 

79 21/12/45 

The use of cheek wires in the treatment of fractures of the maxilla (N W A 

A surgical classification of the malcruptcd mandibular third molar (R H Coates 
Sc G C Dickson) 340-342 


British Dental Journal 
80 4/1/46 

Acceleration of the setting of zinc oxide cements (W Barvey& N J Patch) j- 
Advances in the construction and use of splints in the treatment of fr 
the jaws (B W Fickling) 8-13 
rhe spring bridge (A R Thompson) 13-16 


80 18/1/46 


(W Harvey & N J Pdcb) 


acceleration of the setting of zinc oxide cements 

■crylic tooth making technique tor denture pwrpos-S (R Sutler) 42 
urgical extension of the buccal sulcus of the mandible v 
51—52 

levelopmental cysts of the maxilla (A D Hitchnri 53-54 McMmn) 

he dental condition of West Indian recruits (O F Brown Sc K s 
55-56 

80 1/2/46 

reatment of 1,000, aw fractures (P Clarkson, T H H Wilson &R S La*™J 

•he 9 L 7 o 5 ndon dentist of the seventeenth > century (L L‘“^ y) s ”g?pore. (E K 
he Japanese invasion of Malaya and the Dental i>cnooj, » * 

conservative dental treatment 

Jental disease m relation to skin disease (C G Boothroyoj 


74 



BRII1SH MLDICAL BULLETIN 


British Heart Jounul 
7 October 1945 

Mercurial d.«rcik» Int^cran** aa tho«n by ikla iruUiuty (A Burrows A 
kk StoVci) 161 167 

The e~cxt» of t'tui k t 0* (J D C j tr» l A O W Hayward) 1 63- 1 70 

Tbe careuJ ti-d-ir Ok Eton A D Lawti) 171-172 

A c-anuativ* c^trcvirui graph— ~ct 1 *csi. Ill L, S Pearson & LM GerlU) 
175-1^ 

A cxm cf syrw-4 cf the heart Ok BmT^cU A J l Davison) ISO-112 

Pircxytrul u^hycarwa ir4 - 1 *wirt N\* (M Car pbcil) 110-199 

Immtnon u a ia% ~r la iba uvt.v^xr .1 cf hype tension. (0 Gaul) *«»-*06 

British Journal of Dcrma!olog> and S>philU 
57 Nokcmbcr-Dcccmbcr 1945 

rubra p*.*.u ar-JN *sua A ( V. D P tr A L \k GcsJdirg) 197--00 

Bntlsh Journal of Experimental Pathology 
2 6 9 Vuguot 1945 

Lyui cf red tued by m-4 ckcc (G UrO^Vru a A L- kktttheoncr) 
217-2*4 

The x. g^TC, ct” . .> ofl anJ ujKi uk i>v« rts.u m:J if strept xooj (ta-ve 
V d crcvp D) rd thcor rt.-iut to 4 g a a« ase a*ti» ty (U. P Gale) 

225-233 

The effeut cf i*.*“2ic2xr=jdc the e*v1 ci.Ni d~ uA rc^werx^U 

cf sot-' oered (La-vtftc J gTiXp D) (L. F G* c) 2U-247 

The cxanurw'n cf nth t u.a- k tru-une x a prcsl^td by rein of n ail. Veil 
Ac^ta. Ok T J Mi A \k M kkaiki-») .4' 254 

A new *ox fvr the Uc ect,ct ti weak anJ ix etc ** Rh i^'itneu (R K A 
Cos.-abt, A, E MwwTtal A R R Rxe) *5' 

Cc — 'ATI ht pcJr-vev cf the nurcur) t*."- w ijrt cf tu* e i f * *crcnt genetic 
co-uuiwuca. (L- D^Oihcmiki) 26- 2t? 

Espe-'sxn.al cod— a gc-at. (P R*co-hc»nj) 2*0-273 


26 October 1945 

F-rthcr lUeti 03 the p-iveiu^.1 end properties cf a virus cauurg tobacco 
occrosu. (F C E«-n A N W pux) 277-2S3 
LltnctntnVfcii cx-ruaauoa cf a virus ca~i.~fi tobacco r-ccioua. (A G O*iion) 
-36-257 

Aa ann-grasuadia iru— *a« rabSt -crv.-i (W T J Morgan A R L. M Syrge) 
—S 7-29 3 

The separation oaj proper:. ci cf tobacco smsa^. virus m different »ta cv of 
aggrcgAiioa. (F C. Baw^ca A N \k P«^) 2^4-312 
The uljT^xatnfugxl eunwu ua cf friwt ea» of nbiao ncta** >jru» (J P 
iohratoa A A. G Optai) 313-315 

Tbe i-joca^a cf bmcnil food by uJ aaxxbac and ih« toix. c. T cxtx of bactexul 
ptgajeaa tad other prod-*u on wd pro: 1 oa (II N S -4^) 310-325 
Pathologxai ui-a doe to deficiency cf the *jpb-.f-u)n-aixung amtao-acids 
(L. E. Glynn, IL P Hiati«orth A A. Scu^crcc.! 3*5 337 
Violcfrzii Uiciwgaooca on rroaUiaoaijan. (H Vk Mercy kf V Jcnoirg* A 
A G Sxndcn) 337-349 

The effect of proacuaonjjcxa ca S:~phj /jvivt-j in heart troth (b P 

Afcnham) 349-335 

The taflwcnce cf geveti- fa-ten cn the tranuruv.bility of fo»l nrcorm ( V W 
Greenwood APR. Peacock) 337-361 

British Jounul of Industrial Medicine 
2 October 1945 

VeaxAUoa And tome >carcxrt»- (M W GoldbUtt) 183-201 

cf ha r a r da m the lmiurou* dial pautieg indiwtry (J C Jonea A M J 

Day) 202-203 

Methyl iod.de poaorun* fA GarUnd A F E. Campa) 209-21 1 
iho lolubUiiy or du-nbuuoa cociVicnt of carbon utrajolondc in water whoJ« 
blood, and pUiata. (J F Po**eil) 212-216 
ihe inadeacc of sepan in mduitnal wounds. (R E O Williams SE.H Cape!) 
217—220 

Ideal aeeing conditions the study of the human >uuat system as a basis for 
prescribing hght. (J H Nelson) 224-232 


British Journal of Ophthalmology 
29 December 1945 

0<3ilw cumfeiuuoa. of maln utnuoa m rdcucd pnjonors of war from nxaiJaod. 
(H Rrdlcy) 613-61S 

OcuUr gruUicxtciniaiu. (K. Sen A N Ghose) 618-626 
A. cjre of occipital lote injury (J Micukdl) 626-628 

Indirect i.-i;ury 0 f ^ c - lic c hmnia a caie report- (E. D C Huahes) 629-632 
Rcunai haemorrhage* in epUsuc anaemia (R J Buxton) 632-635 
uaemontatc from the conjunctiva notca on a cate of capillary anpoma 
(J Pendleton White) 635-437 

A corneal traft cpcration for recurrent pter>8Jum (3 I- Reu) 637-640 
coppock cataraa end cataracta pulvcrulema cenualn (E Rosen) 641-644 
Diabeuc needles, (a Rosen) 645-653 


British Journal of Ophthalmology 
30 January 1946 

A clinical trial of a synthetic mydnnuc (dimcUtylammoeth)l benxilate etbo* 
chlonde) (W J B Riddell) 1-7 
Anew synthetic mydnauc. (L Mann) 8-1 1 
ro . nndinss in uopical t>pbus (tsutsugamushl or Japanese riser feser) 
(E. A. Donegan) 11-19 

paper and printing m relation to eyestrain (R. B Fiahenden) 20-26 
uphthalmic treatment m the geld 1943 (G C Dansey Brosvnmg) 26-35 
i-avenioxu haemangioma of the orbit successfully /emoted by Shugrue s opera 
Uom (M Paul) 35-41 

An analysis and follow up of 301 cases of battle casualty injury to the eyes 
(G I Scott & I C Michaelson) 42-55 


30 February 1946 

Ocular cyslcriccrcus ccllulosae report of a case of parasite r i mat 
(C. Ccckbum) 63-74 

Tar^cnilal diipucemcnt uf tho Iris in chronJc glaucoma (Vy J B Riddell) 


Temporary cataracts In diabetes (R D Lawrence) 78-31 
Solar citirso— burn of macula (L. C Zorab) 82-84 
A case of eUipse blindneta (N A Jcvons) 84-85 
A can of tiderosa bulbl (J E L Bendor Samuel) 85-39 
The **cxi of cperaij>e alterations In the height of tbe external reclus insertion 
U Foster 4LC Pemberton) 83-92 

klt'iiralor'A of the tuberculum ulUc with bl temporal hemianopu. (W R 
MaiFcwson) 92-102 

DAwT>o-v)st>rh(noitomy (T E L>Ic A G Cross, J F Simpson A G A 
Fraxr) 102-119 


British Journal of Radiology 
18 December 1945 

SiNarus Thompson Memorial Lecture Fifty jears of x ray production and 
measurement in mcdxal radiology (L. A Oxen) 369-376 
Pneumoconiosis In radutor and boiler finLhen. (L. Dunncr R Hcrmon A 
D J T UasnalJ) 377-3SI 

The design of filers to produce Hat x ray isodose curves at a given depth. 

(A. E Chester A W / Meredith) 332-335 
The standardi aiion of radiological apparatus symposium (F EUu J W 
McLaren A J Read) 395-35? 

Investigation of free gas in tbc peritoneal cavity (J B. Bannen) 390-395 
Rauiolcgical appearances of the chcit following partial asphyxiation by a snoke 
screen. (P H Whitaker) 396-397 

A new method of primary scrcenlrg by t ray examination. (A. Scheel) 393-399 
Note on a function in the mathematical theory of Integral dose (G J Neary) 
401-402 


British Jounul of Radiology 
19 January 1946 

The anatomy of the blood vessels of the human lung as applied to chest radiology 
Parts I-I1I CT Lodge) 1-13 
Energy absorption in radium therapy (F Bush) 14-21 
Recent advances in investigation of the small intestine (W Tcnnent) 22-26 
V feed back amplihcr for ioni*ation currents (F T Farmer) 27-30 
Lxxmal and internal thonum X therapy (KL. F Nagclschmidt) 31-35 
A review of recent French literature on radiotherapy (H a Simchowitz) 36-40 
TI»e effect of X rajs on Leuhmama tropica In titro <B. Feldman Muhsam A 
L, Halbcrstoedtcr) 41-43 


19 February 1946 

Responsibility for accidents in radiological departments. (W M Levitt) 45 51 
Effective atoms* number and energy absorption in tissues (F W Spiers) 52-63 
Anaerobic cellulitis — due to p rloration of the colon cose report with an 
illustration of the radiographic appearances (F H Kemp) 64-65 
Duplication of radiography by solansatlon. (G H Illingworth) 66-69 
Tho localization of foreign bodies m the chest a practical report- (C. J Hodson) 
70-76 

The anatomy of the blood vessels of the human lung as applied to chest radiology 
Parts IV-V fT Lodge) 77-37 
Ovarian dermoid cysts (E R Williams) S8 

British Journal of Surgery 
33 October 1945 

Pharyngeal diverticula (3 Morlcy) 101-106 

Acrylic ream for the closure of skull defects preliminary report. (J M- Small A 
M P Graham) 106-113 

The surgical treatment of traumatic aneurysms (M. Paul) 113-122 
Some observations on carcinoma of the prostate treated with ocstrogens — as 
demonstrated by serial biopsies (J D Fergusson & W Pagel) 122-130 
A histological study of a predegenerated nerve autograft. (R. Barnes P Bacsich 
A G MWyburn) 130-135 

Obstructive diaphragmatic hernia resulting from old gunshot wound of the chest 
(W A MackeyAD L. C Bingham) 135-139 
Pelvic ectopic kidney (G Forbes) 139— 142 

Torsion of the great omentum report of four cases (W Etherington Wilson 
142-146 

Physiological gastrectomy the operation of ligature of the artenes of the stomach 
to relieve hyperacidity and to prevent recurrent ulceration after gastro- 
enterostomy CT H Somervell) 146-152 
Thoraco-abdominal wounds in war (G Blackburn & A. L. d Abreu) 152-154 
Principles in early reconstructive surgery of severe thermal burns of the hands 
(B Smith C. Cornell A C. L. Neill) 155-159 
An aid in tbe postoperative management of temporary ileal fistula after the Lahey 
right hemicolectomy (S Levy) 160-162 
Experiences with transthoracic oesopbagectomy and gastrectomy (G H Steels 
162-166 

Penicillin treatment of acute haematogenous osteomyelitis Cl W J Me Ad am) 
167-172 

The status of hormonal bioassay in malignant disease of the testicle a review 
of the literature (R S Francis) 173-178 
Chrome hypertrophic lleocaecal tuberculosis and its relation to regional ileitis 
CCrohn s disease) CA W Taylor) 178-182 

British Journal of Tuberculosis and Diseases of the Chest 
39 October 1945 

The prognosis of chronic miliary tuberculosis m children. (R. B Illrng) 79-35 
Syghdis of the lung jn Bantus (B A. Dormer J Fnediander A F J Wiles) 

The aetiology of silicosis (L W Hale) 91-101 


75 
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British Medical Journal 
2 24/11/45 

A survey of fungous diseases in Great Britain results from tho first eighteen 
months (J T Duncan) 715-718 

Treatment of acute appendicitis a study of 480 consecutive cases CA Lyall) 
719-721 

Heavy nupercaine spinal analgesia in operative obstetrics with report on 394 
cases (L Resmck) 722-723 

Bladder neck obstruction due to non malignant disease of the prostate (H H 
Stewart) 724-727 

Paradoxical embolism with report of a case due to a ventricular septum defect 
(C A Birch) 727-728 

Actinomycosis successfully treated with penicillin report of two cases (A J C 
Hamilton & H J R Kirkpatrick) 728 

2 1/12/45 

The Renaissance and its influence on English medicine, surgery, and public 
health (A S MacNalty) 755-759 

Prevention of homologous serum jaundice (J T Loutit & K Maunsell) 759-760 
Ear disease in children (D R Paterson) 761-764 

Poisoning due to mobilization of lead from the skeleton by leukaemic hyperplasia 
of bone marrow (A Brown & S L Tompsett) 764-765 
A case of chrome undermining ulceration treated with penicillin (A Leacock) 
765-766 

Tropical medicine in war and peace (C M Wenyon) 774-776 

2 8/12/45 

The in vitro sensitivity of H influenzae to penicillin with special reference to 
meningeal strains of Pittman s Type b (M Gordon &K Zmnemann) 795-796 
Meningitis due to a penicillin and sulphonamide sensitive Pittman b strain of 
H influenzae recovery (D G McIntosh & C. F Drysdale) 796-797 
Repatriation a psychiatric study of 100 naval ex prisoners of war (W P 
Mallinson & W Warren) 798-801 

Sixth nerve paralysis after spinal analgesia (W A. Fairclough) 801-803 
Typhoid fever complicated by benign tertian malaria (A S Bookless & J M 
Naftalin) 804-805 

Impressions of surgery in West Africa (J K Willson Pepper) 812-814 

2 15/12/45 

Proposed National Health Service principles and statements 833-834 
Survey of fracture treatment (C M Page) 835-839 
Nutrition in Vienna m September 1945 (M Pykc) 839-842 
Toxic effects of 2 2 bis (p-chlorphenyl) 1,1,1 tnchlorethane (DDT) in man 
(R A. M Case) 842-845 

A fatal case of D D T poisoning in a child with an account of two accidental 
deaths in dogs (K R Hill &. G Robinson) 845-847 
Observations on keratoconjunctivitis (cases seen in military hospitals) (R J 
Buxton) 847-848 


2 22/12/45 

B L A Medicine (E Bulmer) 873-876 

Estimation of serum proteins by the Lmderstrom Lang gradient (H Hoch & 
J Marrack) 876-878 

Liver function in infective hepatitis gauged by hippuric acid synthesis tests 
(M R Pollock) 878-880 

Management of recent fracture dislocations of the cervical spine (A N 
Guthkelch) 880-881 

The therapeutic efficiency of ultra-violet light apparatus a comparison of tests 
(B C Elhott) 881-883 

Anti M iso agglutinins in human serum (M N McFarlane) 883-884 

2 29/12/45 

Medicine and the State with special reference to the emergency medical servico 
(W Elliot) 911-914 

The relation between congenital obliteration of the bde ducts and icterus gravis 
neonatorum (M O Skelton & G H Tovey) 914-916 

The Rh factor and blood transfusion observations on a group of Rh negative 
individuals transfused with Rh positive blood (W C Moloney) 916-913 

Asymptomatic kala azar in soldiers from over seas (T G Armstrong) 918 

Four cases of Russell s viper bite (P H Wyon) 919-920 

Blindness following haematemesis (J Black) 920-921 


British Medical Journal 


1 5/1/46 

The surgery of arterial disease and injury (J P Ross) 1-4 
Observauons on cases of starvation at Belsen (P L Mollison) 4-8 
DBE a new synthetic oestrogen (R Greene) 9-10 
D B E in treatment of menopausal symptoms (S Way) 10-1 1 
Concentrating malaria parasites m thin films (K B Rogers) 1 1—12 
Ocular signs in the prisoner of war returned from the Far East (G C Dansey- 
Browmng & W M Rich) 20-21 


1 12/1/46 


The contribution of anatomv of the war (W E Le Gros Clark) 39-43 
Synthetic substitutes for quimdine (G S Dawes) 43-45 
Poisoning by Amanita phalloldet (J Dubash & D Teare) 45-47 
The solubility of sulphonamides m relation to hydrogen ion concentration 
(H A Krebs & J C Spcakman) 47-50 
Penicillin cream of low concentration (G H du Boulay) 50-51 
Effect on troops of the V’ weapon bombardment of Antwerp (A G Freeman) 

58-59 1 19/1/46 


Sprue m India a clinical survey of 600 cases (K D Keele&J P Bound) 77-81 
Outbreak of Wed s disease in the British Army in Italy Part I Clinical study 


U H Hutchison, J S Pippard & M H Gleeson-Wbite) 81-83 Part II 
Post mortem and histological findings (H L Sheehan) 8) 

Primary tuberculosis in childhood (W F Gaisford) 84-86 
Intelligence and infant mortality in problem families (S W Savage) 86-87 
Spontaneous haemothorax (A M Crawford & J Shafar) 88-89 
Fatal aortic-oe'ophagcal fistula from a swallowed piece of bono (G W A Dick 
& G E Nevdl) 90 

1 26/1/46 

Social medicine (M Greenwood) 117-119 

Irregular haemagglutinlns after transfusion (S T Callender it Z V Paykoc) 
1 19-121 

Clinical diagnosis of lumbar Intervertebral disk protrusions, with indications 
for their operative removal (J E A O Conn.fl) 122-124 
Surgical treatment of dysenteric lesions of the bowel among Allied prisoners o 
war m Burma and Thailand (E E Dunlop) 124-127 
Streptococcal miliary infiltration of the lungs with description of a cas- 
(P Ellman) 127-128 

Hereditary clubbing of digits in two famdies (E Davis) 128-129 
Medical experiences in Slam (S S Pavdlard) 135-137 


1 2/2/46 

Psychological reactions in soldiers to the loss of vision of one eye, and their 
treatment (P M Duke Elder St E Wittkowcr) 155-158 
Occurrence of a flagellate in the sputum of a case of bronchiectasis (G D 
Lehmann & J T Prendiville) 158-160 
Abacterial pyuria (D O Peters) 160-161 
Two cases of amoebic granuloma (G Houells) 161-162 
Crush syndrome and plasma jaundice in pregnancy (R W Danziger) 162-163 
Bacteriology of septic fingers (B P le Quesne) 163-165 
Premedical zoology a different view point (D W Ewer) 171-172 

1 9/2/46 

Effect of a daily vitamin supplement on the health and development of children 
(E R Bransby J L Burn, H E Magee & D M MacKcckme) 193-197 
Effect of blast on the human car (F B korkis) 198-201 
The hippuric acid test m pr.gnancy (SV Laqueur & H Ovacik) 201-202 
Sulphapyndine anuria in Gurkhas (C W H.alcy) 202-203 
Acute pancreatitis (N G Godfrey) 203-204 

A fatality from thyroidectomy following a leucopema caused by thiouraciL 
(CEP Markby) 204-205 
Occupational eye diseases (J Minton) 211-212 


16/2/46 

Adams, J 


M Staveley, G L Rollntoa, 


Primary atypical pneumonia. (A B 
W E. Henley & J E Caughey) 227-231 
Fractured patella an analysis of 54 cases treated by excision (R. Brooke) 
231-233 , „ 

Vitamin C content of home cooked vegetables (G N Jenkins) 233-235 
Neurological complications following prefrontal leucoloray (F Reitman) 
235-236 . „ 

Primary benign tertian malaria among British troops in Normandy (W w 
Macnaught) 236-237 „ ... 

A general surgeon at sea a review of 700 cases treated in the Downs (J 5 Hally 
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Th 4 e° 2 s7andardization of liver cxtiacts for intramuscular injection (H w 
Fullerton) 412-419 

Blood culture methods and results (C W Shearet) 42(M25 
Despatch of material for histological examination (S Hayj izo-*-* 

52 December 1945 

The treatment of duodenal ulcer (W Q Wood) 433-450 condmons 
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A senes of 50 eases cf acute and sub-acute mastoiditis treated by closure of 
wound and perfusion with penicillin (R G Macbeth) 16-23 
Malignant melanoma of nasal fossa report of a case (J S Monro) 24-27 
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663-668 

Ovarian function and body temperature (I Halbrecht) 668-669 
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Orthopaedic treatment of ankylosing spondylitis (R K W Kuipers) 774-775 
Louse borne relapsing fever treated with calcium gold keratmate (M Wolman 
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A surgical clinic in Belgium (H B Young) 858 


Lancet 
1 5/1/46 

Prognosis and tho patient (L Cole) 1-3 

A transmissible disease in rats Inoculated with material from cases of mfeem. 
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Para aminosalicylic acid in the treatment of tuberculosis (J Lehmann) 1J-16 
Prevention of accident and limitation of injury (St J D Buxton) 27-29 

1 12/1/46 
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Erysipeloid of Rosenbach response to penicillin (M Barber, M Nellan 4 
M Zoob) 125-12/ 

Non greasy jelly base for penicillin (J Spencer E J Bishop 4 A Ricks) 127-128 
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The war story of a county hospital (V R Jordon) 201-202 

74 22/12/45 
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(P Cloakc) 10-18 

Peripheral neuritis (polyneuritis multiple symmetrical peripheral neuritis), 
(F M Rw Wolshe) 19 23 

Modern vidws on concussion (P R Terguson & L A Llvcrsedgc) 26-32 

Subarachnoid haemorrhage (J St C hlkington) 33-39 
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Congenital ubnormuhtlej of the foot (W Mercer) 88-95 
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Defective speech In children (P Henderson) 119-129 
Surgery in old age (M Lee) 130-132 

The treatment of penile wares (condylomata acuminata) with podophyllln 
(E L Cohen) 133-134 

Early recognition of disease II Respiratory disease (J Maxwell) 135-140 

I’rocctdlnksXof thc]NutritIon Socle!) 

3 11945 

Budgetary and Dietary Survoys of Families and 


Jones) 1-7 

(E R XJnnsby) 7-12 
amily (F Lc O Clark) 12-20 
surveys (L Moss) 20-23 
Jiods used m budgetary and dietary surveyj 


Eighteenth Scientific Meeting 
Individuals Part 1 
Budgetary analyses (A O 
Food consumption studies 
A] lex 

Tho • • 

Tho 

Famlly"incomo und expendituro on food (A L Bowlcy) 32-39 
Relation of expenditure on food to other family expenditure (D C Jones) 
39-51 

Nineteenth Scientific Meeting Science and Pojt War Relief 
Some effects of inanition and their treatment (If E Magee) 53-59 
Nutritional researches in Vienna after the first world war (H Chick) 59-76 
Poland s agricultural requirements in the post war period (T M Olbrycht) 
68-76 

Tho Hot Springs Conference and Its bearing on the development of agriculture 
(E J Russell) 76-81 ,, 

Twentieth Scientific Meeting Dwt and Dental Health 

Influence of nutrition on parodontal health (J D King) 82-88 
Tho use of ascorbic acid In gingival ropilr and in the healing of tooth extraction 
wound* (H G Campbell & R P Cook) 89-94 
Chronic fluorino intoxication in sheep and Its effect upon the teeth (G F 
Boddio) 94-97 , 

Diet and the calcified dental tissues (R Whjte) 97-109 
Twenty first Scientific Meeting Budgetary and Dietary Surveys of Families and 
Individuals Part II . 

Individual dietary surveys (E M Widdowjon &. K \ McCancc) 110 116 
Survey of methods used in preparing and cooking vegetables (G Wagner) 

Laboratory assessment of nutritive value of meals as eaten (G N Jenkins 
L W Mapson & M Olliver) 124-131 
School diets in elementary school* (E M Lanjey) 131-134 
Industrial canteens (M Pyke) 134-139 
Hospital diets (A L>aJl) 139-15 N 


79 


BRITISH MEDICAL BULLETIN 


Twenty second Scientific Meeting Diet and Tuberculosis 

Diet and tuberculosis introductory review (I Lcilch) 156-164 
Tuberculosis In Scotland present position (J S Wcslwalcr) 165-172 
Th. clinical position with particular reference to diet (K V Keers) 172-160 
The progress of eradication of tuberculosis from cattle In Great Britain (J N 
Ritchie) 180-185 

Tuberculosis and pasteurization of the milk supply (C H Chalmers) 186-194 
Twenty third Scientific Meeting The Nutritional Role of the Mlcrofiora in tho 
Alimentary Tract 

The microbiological aspect of rumen digestion (A C Thayscn) 19S-20J 
The formation of protein (JAB Smith) 203-216 

Synthesis of vitamins by micro organisms of the alimentary tract (S K Ron) 
217-238 

The production and absorption of the volatile acids in the rumen (R A 
Marshall & A T Fhillipson) 238-243 
Volatile fatty acids in tho rumen of the sheep (S R Elsden) 243-247 
The utilization of volatile acids (J Barcroft) 247-254 


Proceedings of tho Royal Society, B 
133 January 1946 

ChemoreceptJvity of Drosophila melarosasttr (M Bega & L Hozben) J-t9 
Experimental chemotherapy of typhus Anti rickettsial action of o-sulnhona- 
midotenzamidine and related compounds (C H Andrewes It Klrg & 
J Walker) 20-62 

Photochemical laws and visual phenomena (B H Crawford) 63-75 
Further experiments on insect competition (A C Croinbic) 76-10) 

Reflex conduction in the giant fibres of the earthworm (W A H Rushton) 
109-120 

Reversible adsorption of proteins at the oil/water interface I Preferential 
adsorption of proteins at charged oil/water interfaces (J J Likes, A C Frarer, 
J H Schulman & H C Stewart) 121 


Refractory anaemia (A D Barlow) 132-133 

NcphrocaUtnosu uuociated with hyperchloraemia (W W Payne) 133-134 
Two cases of lianti s syndrome hepatomegaly with anaemia (C Pir. uney) 


ColUpied Intervertebral discs following lumbar puncture (U James) 134-135 
Two cas s of Ehlcrs Danlos syndrome (F L King Lewis) 135 
Trigeminal naevus and homolateral Imracranul angioma ouocu^d *ah hvwj 
Uorum (R W 0 Elln) 135-136 

Discussion Forward psychuiry in the Army (H Palmer, C Keawa H 8 
Cral.ie li T F Mam) 137-142 

Discussion on tbs importar-o of diet in menu) illness (YV R Thomar H £ 
Magee iS W Hardwick) 142-148 -".no 


Public Health 
59 October 1945 

The future of the maternity and child welfare ot’i-er (/ Maekin'osh) 3-5 
The public dental service (J J Hodion) 5-7 

National milk tcstirg and advisory seberse the rtsozunn test and the rretijLee 
b'uo test 7-8 

59 December 1945 

The Rhine barrier zore (YV C Harvey A M Yfaraowe) 31-34 
Hygiene problems In displaced persons camps in Germany (B Mann) 35-36 
Tuberculosis a survey of a county programme (YV A. BuBo-gb) 37-40 

59 January 1946 

Has public health any futuro 1 (J J Jems) 46-43 

Fresh produve of fertile son is the real basil of publx health. (A. Howard) 43-52 
Tbs unparented ch Id (G F Broc*-rgto i) 53-54 


133 February 1946 

Address of the President, Sir Henry Dale, at the anniversary meeting, 30 November, 
1945 123-139 

Croonian lecture the active and passive exchanges of inorganic ions thiough 
the surfaces of living cells and through living membranes gcrerally (A Krogti) 
140-200 

The transmission of beet mosaic and beet yellows viruses by aphides a com- 
parative study of a non persistent and a persistent vims having halt plants 
and vectors in common (M A Watson' 200-219 

The biological activity of phenolic compounds Tho effect of surface acmo 
substances upon the penetrauon of hexyl resorcinol into Ascarlt hwbelcaUes 
var suts (A E Alexander i A R inm) 220-234 


Proceedings of the Royal Society of Mcdianc 
39 November 1945 

Observations on certain rheological properties of human cervical -ecretion 
(A F Clift) 1-9 

Some new facts concerning tho prognosis and treatment of carcinoma of cervix 
by radiation (M Donaldson) 10-17 
Congenital defects following rubella in pregnancy (I Hughes) 17-18 
Notes on certain trends tn public health work in the city of New York and in 
the states of New York, Massachusetts and Georgia (M D Mackenzie) 19-26 
Some surgical aspects of urinary bdharaasis (R O Ward) 27-38 
Tho medical career of Jean Paul Marat (H P Bayon) 39-44 
International biological standards prospect and retrospect (P Hartley) 45-58 


39 December 1945 

Hypertension (T I Bennett) 59-64 
The training of clinical teachers (N B Capon) 65-70 
Tnbromethyl alcohol (avertm, bromethol) 1928-1945 (G Edwards) 71-76 
The eradication of tuberculosis m cattle Disease in relation to animal husbandry 
(W A Pool) 77-82 

Some chapters m Cambndgo medical history V Clifford Allbutt and the 
transition from the nineteenth century (YV Langdon Brown) 83-88 
Lupus vulgaris treated with calciferol (G B Dowling & E YV Prosser Thomas) 
96-99 


59 February 1946 

Typi us fever (C O htallybrais) 63-64 

Laboratory diagnosis of typhus arj prophylactic vac-loauon (A. YV Down-) 
64—65 

Entomological aspects of typhuj (R M Gordon) 65-66 
Typhus case histones ( Y E Hod»,on) 66 
Cancer Act plonmn. (R PjtcrsonJ 67-69 
i uturo of laboratory servu.es (R M YYanen) 63-70 


Quarterly Journal of Experimental Physiology 
33 January 1946 

The cifcct of s.ctioo of tFo supraopt-co-hypophyscal tracts on the tnhifciuia 
of water diuresis by emotional stress (\V J O Connor) N9-161 
A study of some conditions influencing the rate of exchange of oxygea ia fclooo 
In tllro (J F.»lcr & J Banister) 163-132 
The action of hucmolyuns on normal and patholog-cal human erythrocytes. 

(M Mauds) 183-214 ,c. 

A biochemical study of isolated perfused Ijngs with sp.aal r -Terence to ins 
elfccts of phos, ne (1 de B Daly, P Egjdcton S R Elsdea & C O Hectfl 
215-240 


Quarterly Journal of Medicine 
38 October 1945 

A therapeutic trial of perucfliin in infecuvo conditions of the skin. (J H. 

Davies X. Dixon and C H Stuart Harris) 183-196 _ „ * 

The nicotinic acid content of blood in h.aith and disease (L w uarua 
J R P OBnen) 197-205 . 

The hereditary and famjliaJ aspects of exophthalmic goitre and nodular g 
(L Marun) 207-219 


Tropical Diseases Bulletin 
42 December 1945 

Urinary amocbiasts a critical rev ew (J M YVatson) 947-959 


39 January 1946 

Reflections on the development and present general application of acrylic to 
conservative procedures (R Cutler) 103-106 
Discussion on surgery of the patent ductus arteriosus (J B Hunter, O S 
Tubbs & A E Barclay' 107-112 
Acute rheumatism in military history (J A Glover) 113-118 
Cardiac folk lore (J D Rolleston) 119-122 
Non specific intestinal granuloma (E A Crook) 123-127 
Pulmonary haemosiderosis (A D Barlow) 131-132 


Ulster Medical Journal 
14 Novembtr 1945 


The Belfast Medical School and the war 53-58 

Var and surgery (H P Hall) 59-72 , 7U l 

Y synopsis of the history of ophthalmology (J * 

iome aspects of nutrition in war time (H E Magee) «J' yo 

The pathology of rheumatic fever (F McKeown) 9 'rA 07 M -ri,. J1Be v 108-118 

fbe pathogenesis of subacute bacterial endocarditis (Y Macuwamej 
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Qentenary of Anaesthesia 


T HERE ore several dates of importance in the early history of anaesthesia, and the centenary 
of some of these has already been celebrated. The year 1946, however, marks the conclusion 
of a hundred years of uninterrupted progress, and to accept this year as the centenary of 
anaesthesia is not to ignore the claims of earlier pioneers who, for one reason or another, did 
not, as Morton did m 1846, effectively initiate the universal adoption of anaesthesia for surgical operations 
It is remarkable that inhalation anaesthesia, which was developed almost exclusively in America 
and Britain, has for so long remained virtually an Anglo-American specialty In other countries, local 
and, more recently, intravenous methods have been favoured. However, modem surgical requirements, 
especially in the fields of plasuc and thoracic surgery, have made some forms of inhalation anaesthesia 
almost obligatory, and there would seem to be little doubt that inhalation methods will be considerably 
extended in countries which have hitherto been content to rely mainly upon other techniques 

The extension of inhalation anaesthesia carries with it the implication that the surgeon can no longer 
be responsible for the administration of the anaesthetic If the paUent is to receive the full benefit of 
available techniques of anaesthesia, it is essential that the choice and administration of the anaesthetic 
should be the responsibility of the specialist anaesthetist This involves the quesUon of the proper status 
and responsibihUes of the anaesthetist In recent years this question has been a subject of discussion in 
Britain and America, and in the latter country the word “ anesthesiology ” has been devised to denote 
a range of duues which includes much more than the technical details of the administration This neologism 
may have its detractors, but it is useful because it emphasizes the contrast between the newer conception 
of the “ anesthesiologist ” and the older conception of the anaesthetist as a pure technician Dr John S 
Lundy, of the Mayo Clinic, has recently ( Curr Res Anesth 1946, 25, 41) defined anesthesiology as 
“ the administration of anesthetics and associated activities These activities include the use of blood 
and blood substitutes and the support of the patient in shock, during anesthesia and afterward , the use 
of stimulants in connection with support of the patient’s circulation and the stimulation of his breathing 
and reflex activities of his body ” 

There are some peculiarities of the anaesthetist’s vocation In other branches of medical practice, 
the outcome of therapeutic procedures is often conjectural, and their choice may be founded more upon 
pious hope or uncritical faith than on reasoned expectation. The task of the anaesthetist, however, is 
precise and unequivocal, and the techniques that he employs are clearly designed to effect a known result 
which is an end m itself Every induction of general anaesthesia is an act of applied pharmacology, and 
the anaesthetist is performing upon the human subject the equivalent of a physiological demonstration 
Nevertheless, although anaesthesia has come so far since the days of Morton, the bold empiric, progress 
was for many years confined to the perfection of practice and technical methods, and the anaesthetist did 
not fully exploit his unusual advantages More recent developments give ground for the belief that there 
will be an increasing field for collective scientific work by chemists, physiologists, pharmacologists, and 
anaesthetists, and even the physicist has a part to play in the soluUon of special problems 

In this number of British Medical Bulletin no attempt has been made to produce an account of the 
pracUce of anaesthesia The contributors deal with experimental and clinical subjects, the common 
feature of which is relative novelty As is appropriate on the occasion of such an important centenary, 
a considerable amount of space has been allotted to historical material Readers who wish to obtain practi- 
cal information on modem anaesthesia will find their needs admirably served by Dr C Langton Hewer’s 
Recent advances in anaesthesia (5th edition, London, 1944) and Modern anaesthetic practice (2nd edition, 
1946) edited by the late Sir Humphry Rolleston and Prof A. Moncrieff, and other well-known textbooks 


Dr J H Burn, who contributes two papers, is professor 
of pharmacology in the University of Oxford He has for many 
years been concerned with problems of biological standardiz- 
ation, and has published an indispensable book on that subject 
( Biological standardization, Oxford, 1937) He devised 
methods for estimating the anUdiureUc hormone of pituitary 
(posterior lobe) extract, the potency of oestrggemc substances 
and the therapeutic acUvity of organic arsenic compounds 
Professor Bum has also been interested in physiological problems, 
he has studied the vasodilator fibres present in the sympathehc 
system of different species, and also the part played by sympathetic 
impulses and by adrenaline in the contraction of skeletal muscle 
This has led to a study of the interacuon of acetylcholine and 
adrenaline in the nervous system 


Dr D WHirrERlDGE is university demonstrator m 
physiology and Fellow of Magdalen College, Oxford He has 
worked on the physiological effects of blast during the war and 
has continued to investigate the mechanisms of various forms 
of dyspnoea which occur in blast, gas poisoning, anaesthesia and 
heart failure 

Dr Edith Bulbring is university demonstrator in phar- 
macology at Oxford She has worked on biological assay and 
devised methods for the estimation of cortical hormone, of 
growth hormone of local anaesthetics and of atropine substitutes 
She is especially interested in studying the influence of adrenaline 
on nervous transmission and has published work on the effect 
of adrenaline on nerve acuon-potenuals on synaptic trans- 
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mission m the sympathetic ganglion and on neuromuscular 
transmission 

Dr E C Dodds has been Courtauld professor of bio- 
chemistry m the University of London since 1925 and is director 
of the Courtauld Institute of Biochemistry at the Middlesex 
Hospital Ho has worked for many years on the chemical and 
physiological properties of internal secretions, with particular 
reference to sex hormones and their chemical interrelationship 
with other substances and the search for a synthetic analogue 
for the oestrogenic hormone which led to the synthesis of 
stilboestrol, hexoestrol and dicnoestrol In 1939 ho was Cantor 
lecturer. Royal Society of Arts , in 1934, Goulstoman lecturer, 
Royal College of Physicians , and m 1935, Harvey lecturer, New 
York University Professor Dodds is the author (with Dr G E 
Beaumont) of Recent advances m medicine (11th edition, London, 
1943) and of numerous articles in scientific journals He is also 
editor of the Journal of Endocrinology 

Dr H R Ing is Reader in pharmacological chemistry 
in the University of Oxford, and formerly held a similar position 
at University College, London During 1939-1944 he was in 
experimental officer of the Ministry of Supply, engaged mainly 
on research problems concerning the defensive aspects of 
chemical warfare He is a chemist, who has specialized in the 
study of the relations between the chemical structure and 
properties of drugs and their pharmacological properties 

Dr David S Evans and Dr K Mendelssohn have 
previously contributed to the Bulletin and a note on their work 
has appeared in No 6 of Volume 3 

Professor L P Garrod has made two previous con- 
tributions to the Bulletin, and notes on his work appear m No 3 
of Volume 1 and No 1 of Volume 2 

Dr C Langton Hewer is senior anaesthetist to St 
Bartholomew’s Hospital and vice-president of the Association 
of Anaesthetists of Great Britain and Ireland He has held the 
office of president of the section of anaesthetics of the Royal 
Society of Medicine and that of examiner in anaesthesia to the 
Royal Colleges of Physicians and Surgeons In the first world 
war he served in the RAMC (Special Reserve of Officers) 
Dr Hewer is a member of the combined Anaesthetics Committee 
of the Medical Research Council and the Royal Society of 
Medicine, and on their behalf investigated the anaesthetic 
properties of tnchlorethylene He is the author of Recent 


advances in anaesthesia and analgesia, to which reference has 
already been made above 

Dr H J V Morton is the author of several publications 
on various aspects of anaesthesia and is a member of the council 
of the section of anaesthetics of the Royal Society of Medicine 
Pie has been for some years senior anaesthetist at Hillingdon 
County Hospital A large proportion of the thoracic surgery 
in the county of Middlesex is performed at this hospital, and 
Dr Morton has had considerable experience m anaesthesia for 
this type of work 

Dr A J W Bbard has been a demonstrator of physi- 
ology at St Bartholomew’s Hospital, and, m addition to the 
appointments that he holds as anaesthetist, he is physician to the 
Wimbledon and Nelson Hospitals In bis article, Dr Beard 
depicts the anaesthetist’s responsibility as covering the general 
condition of the patient before, during, and after the administra- 
tion of the anaesthetic 

Dr Barbara M Duncum was for some years on the 
staff of the Wellcome Historical Medical Museum, London, 
and was there in charge of the records department, which 
collected, correlated and indexed information relating to the 
history of medicine Since joining the Nuffield department of 
anaesthetics. University of Oxford, in the autumn of 1938, 
Mrs Duncum has made a study of inhalation anaesthesia during 
the first half-century of its development The results of her 
researches are shortly to be published by the Wellcome Historical 
Medical Museum, through the Oxford University Press 

Dr G S W Organe is honorary anaesthetist to the 
Westminster Hospital, the Infants’ Hospital, Vincent Square, 
London, and the Royal Eye Hospital, and consultinganaesthetist 
to the Nelson Hospital He has made several contnbutions to 
the literature of anaesthesia, and for the historical section of 
this number he has provided a brief general survey of con- 
temporary anaesthetic techniques In the film section, he desenbes 
the making of a scries of films on anaesthesia 

Mr A Charles King is a well-known manufacturer of 
anaesthetic equipment who has for some years made a study of 
the historical evolution of apparatus for inhalation anaesthesia 
In the course of his studies, Mr King has acquired an interesting 
and comprehensive collection of books on anaesthesia in the 
English language 
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THE TESTING OF LOCAL 
ANAESTHETICS 


J H BURN, MD, FRS 

Professor of Pharmacology, University of Oxford 

When a new compound has required testing for activity as a 
local anaesthetic, the methods hitherto available have been 
rough methods allowing an approximate measure of potency 
to be obtained provided that a good deal of care was taken 
For example, it has been customary to carry out a test on 
the cornea of the rabbit, dropping a solution of known 
concentration into the conjunctival sac to see if anaesthesia 
followed The usual aim has been to find the lowest concen- 
tration which produced anaesthesia The practical difficulty 
of finding this threshold concentration is greater than might 
be supposed, and a recent proposal made by Chance & 
Lobstein (1944) has proved to be an important step forward 
They applied a given solution to the cornea of the guinea-pig 
at a certain time, and at regular intervals they tested the 


corneal reflex by touching the cornea with a light object, 
not once, but six times, and determined what proportion of 
the six stimuli were effective It might be expected that the 
cornea would either be anaesthetized fully or not anaes- 
thetized at all This is not so Anaesthesia may, of course, 
be complete, and then all stimuli fail There is, however, a 
stage m which the anaesthesia begins to diminish, and from 
that point until it has completely disappeared the proportion 
of stimuli which evoke a response slowly increases By 
testing a compound on the eyes of a group of guinea-pigs 
and determining for each concentration the mean rate of 
disappearance of anaesthesia, it is possible to make an 
accurate comparison between one compound and a known 
substance like cocaine which is chosen as a standard Thus 
Chance & Lobstein have made a new and valuable approach 
to the problem of testing local anaesthetics 


Intracutaneous-wheal Anaesthesia in Guinea-pigs 
The principle of the method of Chance & Lobstein has 
nv been applied by Billbring & Wajda (1945) in this depart- 
ed to the intracutaneous-wheal test in guinea-pigs proposed 
r McIntyre & Sievers (1937, 1938) In this test the substance 
be tested is injected m a volume of 0 2 ml into the skin 
’ the back, m the middle of an area which has been clipped 
id shaved the previous day The same volume of a standard 
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such as procaine is also injected a few cm away Having 
outlined the area of the injection with ink, the observer then 
tests the area six times at inters als of 5 minutes, giving six 
light pricks with a pm to which the response in an unanacs- 
thetued area is brisk and regular At each test the number 
of stimuli to which there is no response is recorded, and when 
these numbers are added up, the sum gives an indication 
of the degree of anaesthesia achieved by the solution 
injected 

TABLE I RESULTS OF WHEAL TEST IN GUINEA PIGS 
(nupercalne) 
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Number of pricks (out of six) failing to elicit a response after intra- 
cutaneous in|ection of nupercaine in guinea pigs (compare Fig I) 


An illustration of the results which are obtained is given 
m Table I, m which nupercaine was used Two experiments 
are set out , the first in the upper half of Table I is the com- 
(Wmv e ® 5Ct °f 0 0125% nupercaine with that of 

nupercaine The weaker solution was injected into 
mf (A 5 art bach of guinea-pigs 1, 2 and 3, and also 
tb ° Iff * ront part op *k e back of gumea-pigs 4, 5 and 6 , 
e stronger solution was injected into the front part of the 


back of Nos 1, 2 and 3, and into the back part of the back 
of Nos 4, 5 and 6 

When tested at 5 minutes after injection, the area at the 
back of No 1 did not respond to a prick 5 times out of the 
6 applications At 20 minutes the area failed to respond 
only once The sum of the figures for the back area of 
guinea-pig No 1 is seen in Table I to be 12 The mean sum 
for all areas injected with the solution 0 0125 % is 9-8 When 
the solution was 0 025%, the mean sum is 17 5 , for 0 05%, 
the mean sum is 25 3, and finally for 0 1%, the mean s um 
is 35 2 These figures for the mean sum (which represents 
the degree of anaesthesia) are plotted in Fig 1 as ordinates, 
the abscissae being the logarithm of the concentrations 
The degree of anaesthesia so expressed was found to bear a 
linear relation to log concentration 

In addition to nupercaine, cocaine, /J-eucaine and procaine 
were tested in this way, and the results of these tests also appear 
m Fig 1 For each of these substances the relation of the 
degree of anaesthesia to log concentration was found to be 
linear, and the straight lines for nupercaine, /3-eucaine and 
procaine were approximately parallel The line for cocaine 
was steeper The fact that linear relations were found for 
each substance indicates that the method is a good one and 
gives a means of obtaining a quantitative comparison of two 
substances for local anaesthetic activity on sensory nerve- 
endings in the skin of the guinea-pig In comparing two 
substances it is obviously important that the comparison 
should be made simultaneously, injecting both substances 
into each guinea-pig It would be unwise to test the two 
compounds at different times, or to test them on different 
guinea-pigs 


FIG I RESULTS OF WHEAL-TEST IN GUINEA PIGS 



Abscissae = dosage in terms of the logarithms of the concentrations 
of the anaesthetic agents used 

Ordinates = degree of anaesthesia, as measured by the number of 
stimuli (out of 36) which elicited no response 
N = nupercaine C = cocaine, /3-E = /J-eucaine, P = procaine 
(compare Table II) 

The fact that cocaine gave a line m Fig 1 differing in slope 
from the fines given by the other substances was thought 
likely to be due to the vasoconstrictor action which cocaine 
possesses There was at least no other known property of 
cocaine to which the difference might be attributed. A direct 
comparison was therefore made between a solution of cocaine 
and a solution of procaine to which adrenaline was added 
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FIG. 2. WHEAL-TEST EFFECT OF ADDITION OF 
ADRENALINE TO PROCAINE SOLUTION 



Abscissae = dosage in terms of the logarithms of the concentrations 
of the anaesthetic agents used 

Ordinates = degree of anaesthesia as measured by the number of 
stimuli (out of 36) which elicited no response 
A =* cocaine, B — procaine + 0 001% adrenaline, B, = procalno 
alone (from Fig I) 

The results Indicate that the difference In the Inclination of the 
line for cocaine from those of other anaesthetic agents tested Is due 
to its vasoconstrictor action 

in a concentration of 1 in 100,000 The result of this com- 
parison is shown in Fig 2, in which A represents the results 
with cocaine and B the results with procaine mixed with 
adrenaline The dotted line B t is the same as the line for 
procaine alone given in Fig 1 The hne for procaine plus 
adrenaline is obviously parallel to the line for cocaine, and 
in the presence of adrenaline lower concentrations of procame 
become effective 

Plexus-anaesthesia in Frogs 

Sollmann (1918) described a method of estimating local 
anaesthetic action in frogs in which the solution was applied 
to the sciatic plexus The frog is decapitated and the upper 
part of the spinal cord is destroyed down to the 3rd vertebra 
A transverse incision is made in the abdominal wall just below 
the sternum The viscera are removed through this opening, 
carefully exposing the lumbar plexus without damaging it 
The frog is pinned by its forearms so as to hang vertically 
The solution of the local anaesthetic, dissolved in 0 7 % saline, 
is poured into the abdominal cavity , the amount used is un- 
important so long as the plexus is submerged In Sollmann’s 
method the aim was to find the least concentration which 
would abolish the motor response of withdrawing the legs 
when the feet were dipped in acid 
Bttlbring & Wajda have modified this test in the following 
way The time was noted when the solution was put in the 
abdominal cavity Once every minute a beaker containing 
dilute HC1 was brought up so that the feet were immersed , 
the imm ersion was not more than 10 seconds and the feet 
were then washed with water to remove the acid The first 


solution used was 0 05N HCl , when the frog failed to 
react, a stronger solution, 0 IN, was used, and finally 0 2N 
was used The time when each solution failed to evoke a 
response was noted When there was no response to 0 2N, 
stronger acid also failed 

The important observation was the length of the time 
elapsing between the application of the local anaesthetic and 
the moment when the response to 0 2N HCl faded This 
interval was determined in the manner described, be ginnin g 
with weaker acids in order to avoid damaging the sensory 
nerve-endings by the application of stronger acid than 
necessary Four frog3 were tested at the same time The 
results of examining three concentrations of cocaine by this 
method are given in Table II When the concentration of 

TABLE II RESULTS OF PLEXUS-ANAESTHESIA IN 

FROGS 
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Time taken for the development of plexus-anaesthesia in frogs 
(compare Fig 3) 


0 05% was used, the mean time for anaesthesia to 0 2N HCl 
was 20 25 minutes , when the concentration was 0 1 %, the 
mean time was 9 7 minutes , finally, when the concentration 
was 0 2%, the mean time was 4 5 minutes A comparison 
of the results in different frogs treated with the same con- 
centration shows that there is much variation amoDg the 
frogs (compare, for instance, frog 10 and frog 11) 


FIG. 3 RESULTS OF PLEXUS-ANAESTHESIA IN FROGS 
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When the figures for the mean time are plotted as ordinates 
against the logarithms of the concentrations used, a linear 
relation was again observed , the results for cocaine arc 
marked C in Fig 3 Once again the lines for nupercame, 
/1-eucaine and procaine were more nearly parallel to one 
another than they were to the line for cocaine , it is difficult 
to account for the difference m slope m this test by the 
vasoconstrictor action of cocaine , a vasoconstrictor effect 
could scarcely come into play To what the difference is 
due Is not known 

The Relatlre Potency by the Two Methods 

The relative potency of the three synthetic anaesthetics 
expressed in relation to that of cocaine is given in Table III 
These results were obtained m direct comparison of each 
substance with cocaine hydrochloride Since the slope of 
line relating log concentration to effect of cocaine differs 
from that of the other substances it would probably be better 
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to use procaine hydrochloride as a standard of comparison 


TABLE III POTENCY RELATIVE TO COCAINE OF 
THREE LOCAL ANAESTHETICS 


Suhitance 

Intracu tan e o c s wh eaJ 
(guinea pigs^ 

PI exus-arues then a 
(frogs) 

Cocaine hydrochloride 

(00 

(00 

Procaine hydrochloride 

13 5 

41 5 

/S eucame 

51 3 

51 3 

Nupercame 

, 

282 5 

169 5 


Summary 


Two new methods of making a quantitative comparison 
of local anaesthetics are described, both illustrating various 
principles which are important in making quantitative 
comparisons of any kind in living tissue, whether the tissue 
is an isolated organ taken from an animal, or the whole 
animal, or a human subject 

McIntyre, A R & Sievers, R F (1937) J Pharmacol 61, 107 
Sievers, R F & McIntyre, A R (1938) J Pharmacol 62, 252 
Sollmann, T (1918) J Pharmacol 11, 1 
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CHANGES IN ACTIVITY OF 
PULMONARY RECEPTORS IN 
ANAESTHESIA AND THEIR 
INFLUENCE ON RESPIRATORY 
BEHAVIOUR 
D WHITTERIDGE, D M & 

E BULBRING, MD, M.A 

Departments of Physiology and Pharmacology, University of Oxford 

A frequent observation made by anaesthetists is that respira- 
tory disturbances occur during the induction of anaesthesia 
with tnchlorethylene The patient’s respiration may become 
so shallow and rapid that severe asphyxia results before the 
stage of deep anaesthesia can be reached 


Reflex Control of Respiration 
It is generally agreed that the rate and depth of respiration 
largely determined by nervous impulses from the lung 
cse nervous factors have long been familiar under the 
oame of the Henng-Breuer reflex. This reflex has essentially 
o parts expansion of the chest inhi bits further activity 
coll 6 msp P lratory mu scles, and under certain circumstances 
° 6 c * lest initiates inspiratory efforts In most 
whnu tj^ text "^ ,00 ^ s an attempt is made to explain the 
c!™® 'Hreuer reflex on the basis of a single set of 
Uy ,, huies from the lungs These fibres are stimulated 
n _ .. expansion of the alveoli, and their impulses travel 
usually nerves t0 toe respiratory centre They are 

< k ta d by Adfl 1 ^ stretc ^'^ res > ^d have been studied in 

afibren f a m, matlVe Vlew 11131 t ^ lere 316 at two sets of 
mamH,„»j^ S T concerne d m the Henng-Breuer reflex was 
maintained by Head, and by Hammouda & Wilson Recendy, 


strong physiological evidence has been obtained for the 
existence of a second set of fibres arising in the lungs and 
causing inspiration So far as histological evidence is con- 
cerned, some nerve-endings have been described in the walls 
of the pulmonary arterioles with fibres running to the vagus 
These fibres, which do not come from the alveoli but from 
the small vessels m the lungs, are probably responsible for 
the deflation-reflex They are stimulated both when the 
lungs collapse, as can best be demonstrated in animal experi- 
ments by suction of air from the lungs (see below), and also 
during an inspiratory effort against obstruction (Whittendge, 
unpublished work) Thus, not only the stretch-reflexes, 
but the co-ordinated activity of both sets of fibres seem to 
influence the normal pattern of respiration, balancing, as it 
were, inspiration and expiration It is known that the 
respiration becomes slow and deep after cutting the vagi, 
presumably because both the stretch-reflexes and the 
deflation-reflexes are abolished. 

Effect on Stretch-receptors of Artificial Respiration in 
die Spinal Cat 

Tnchlorethylene produces rapid and shallow breathing 
which is very readily reversible An investigation was 
therefore earned out comparing the effects of tnchlor- 
ethylene on the vagal afferent impulses with those of other 
anaesthetics which do not usually produce severe respiratory 
disturbances 

For the study of the activity of vagal endings in the lungs 
we have used cats Electrical changes m the vagus nerve 
were observed in a single vagal fibre, which was obtained by 
dissecting the vagus with sharp needles Impulses were 
recorded with an amplifier and a cathode-ray tube In most 
single-fibre preparations the afferent impulses come from 
the stretch-receptors and have a respiratory rhythm. Their 
frequency increases with expansion of the lungs, and the 
highest frequency is reached at the end of inspiration. 

In spinal or decapitated cats, artificially respired with a 
pump, the majority of these fibres from stretch-receptors in 
the lungs were inactive during expiration , they became active 
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only during inspiration, and the frequency of discharge 
increased with inflation of the lungs With an inflation of 
100 cm 3 the highest frequency of discharge in different fibres 
varied from 50-250 impulses per second Within limits this 
peak frequency was directly proportional to the pump- 
stroke, and with a slow rate of ventilation (15 per minute) 
the peak frequency of discharge at constant inflation remained 
the same within ±5% for several hours 

Sensitization of Stretch-receptors by Trichlorethylene 
and other Volatile Anaesthetics 

When tnchlorethylene was added to the inspired air, there 
was a steady increase in peak frequency of stretch-impulses 
m spite of the fact that the output of air from the pump was 
constant With 0 5%-2% tnchlorethylene this increase in 
frequency reached 50%-140% above the initial value, where 
it was maintained With higher concentrations, the peak 
frequency was reached at an earlier point of the inspiratory 
phase, but then declined more rapidly until the impulses ceased 
half-way through the pump stroke , this was followed by 
complete failure of the receptor (see Fig 1) During recovery 
which occurred very rapidly after withdrawal of the tnchlor- 
ethylene, there was a further period of increased activity 
before the frequency returned to its initial value 


FIG I EFFECT OF TR1CHLORETHYLENE ON THE 
PULMONARY STRETCH-RECEPTORS IN THE SPINAL 

CAT 



Other volatile* anaesthetics tested, i e chloroform, ether, 
di-vinyl ether, ethyl chloride, cyclopropane and nitrous oxide! 
had the same type of effect as tnchlorethylene on stretch- 
receptors Chloroform acted very rapidly With low con- 
centrations (1 %), a very rapid increase in frequency could 
be observed for a short time, after which the frequency 
slowly declined, but with higher concentrations this increased 
activity almost immediately gave way to complete failure 
Recovery was rapid With ethyl ether the changes in 
frequency occurred less rapidly Di-vinyl ether and ethyl 
chloride were found to be very potent Cyclopropane and 
nitrous oxtde produced a rise in frequency of 50-100%, which 
quickly reached a steady level No sign of failure was seen 
even during brief inflation with 100% of either of these two 
anaesthetics 

There was the possibility that the effects observed were 
due to the action of the anaesthetics on the heart In order 
to exclude this, experiments were carried out in which the 
lungs were perfused with blood by a pump When recording 
from a single vagal ending in such a preparation, the same 
effects of tnchlorethylene on stretch-receptors were obtained 
as those described in the whole animal , the effects could 
not therefore be due to an action on the heart, nor could 
any method of causing asphyxia produce comparable changes 
in the sensitivity to expansion of the lungs 

Considering the results so far, it seemed that in general the 
initial effect of all volatile anaesthetics tested was an increase 
in the sensitiveness of stretch-receptors in the lungs The 
difference between the anaesthetics lay in the rate at which 
this sensitization dcca>ed during continued exposure to the 
same concentration of anaesthetic Cyclopropane and 
nitrous oxide caused a hyperexcitability of stretch-receptors 
throughout exposure Taken in order of potency, ethyl 
chloride, chloroform, di-vinyl ether, ethyl-ether and tnchlor- 
cthylene all caused a stimulation of stretch-receptors followed 
by paralysis Thus there was no fundamental difference 
between them 


Effect of Sensitization of Stretch-receptors on Spontaneous 
Respiration in Decerebrate Cats 

In spinal animals there was practically no means of 
measuring the depth of anaesthesia As they were artificially 
respired with a pump the point of respiratory arrest by the 
anaesthetic could not be observed In a few experiments, in 
which the pressure in the right ventricle was recorded, there 
was some evidence of a toxic effect on the heart In order 
to see whether failure of the stretch-receptors precede 
respiratory arrest and whether the sensitization of the stretch- 
receptors modified respiration as a whole, observations 
were made on decerebrate cats breathing spontaneously 
The animals were enclosed in a respiration-chamber wi 
the tracheal tube connected externally In this way rcco j", 
of respiratory rate and depth, and the residual air in 
chest at the end of expiration, were obtained simultaneously 
with a record of vagal activity 

In such cats, with one or both vagi intact, the efiec 
chemical stimulus to the respiratory centre, 5 5/ 0 
to cause an increase m depth of respiration which was close y 
parallel to an increase in peak frequency of ^harge j 
the stretch-receptors However, the effect of tnchlorethylene, 
ether or chloroform was to cause a decrease m lung-volum 
at the end of inspiration simultaneously with an maeas 
frequency of vagal discharge (see Fig 2) This initial shallow 
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breathing was then clearly due to the sensitization of the 
stretch receptors Under ether, failure of discharge occurred 
well before respiratory arrest Under tnchlorethylene and 
chloroform, respiratory arrest occurred at about the same time 
as failure of discharge from the stretch receptors 
The respiratory rate and the volume of air in the lungs at 
the end of expiration seemed to vary independently of the 
sensitivity of stretch receptors Tnchlorethylcnc increased 
both the respiratory rate and the volume of air retained in 
the chest very markedly , ether often caused an increase 


FIG 2. EFFECTS OF CO, AND ETHER ON PULMONARY 
STRETCH RECEPTORS AND DEPTH OF RESPIRATION 
IN THE DECEREBRATE CAT 



followed by a decrease in both, while chloroform had very 
little effect on either Cyclopropane had little effect on the 
volume of air in the chest at the end of expiration, but caused 
some slowing of the respiration As it was impossible to 
ascribe these different effects to an action on stretch-receptors, 
on which all these anaesthetics have qualitatively similar 
effects, the behaviour of other afferent endings in the lungs 
was investigated 

Effects of Anaesthetics on the Deflation-Reflex 
It seemed that stimulation of extrapulmonary receptors 
was unlikely to be of great importance since vagotomy almost 
abolished he effects of tnchlorethylene on respiration 
But, as has been mentioned above, there are in the lungs 
separate receptors which are stimulated by deflation and 
cause inspiration Head has devised a method for detecting 
inspiratory efforts by recording the activity and the tone 
of a slip of diaphragm For anatomical reasons this can be 
done only in rabbits With intact vagi, as Head has shown, 
inflation of the lungs leads to abolition of the resting tone 
of the diaphragm and slowing of the respiration On the 
other hand, suction of air from the chest leads to an increase 
of diaphragm-tone and increased respiratory rate if the 
suction pressure does not exceed 2 cm Hg In our experi- 
ments a standard period of 15 seconds’ suction of 1 3-1 6 cm 
Hg was applied, and the response was always an acceleration 
of respiratory rate Cooling of the vagi to 4° C blocks the 
impulses from stretch-receptors which arrest inspiration 
whereas impulses causing inspiration still reach the centre 
Only after cooling the vagi to 1° C are the reflex effects of 
deflation on diaphragm tone and respiratory rate abolished 
Thus, some of the immediate effects of anaesthetics on 
respiration can be separated by cooling the vagi At a 
temperature of 4° C , deflation-reflexes are still obtainable, 
whereas stretch afferents are completely blocked The 
sequence of events in an animal with the vagi cooled to 
4° C was as follows The immediate effect of exposure to 
ether or tnchlorethylene was an increase in diaphragmatic 
tone and in the amplitude of the contractions of the slip of 
diaphragm, with comparatively little change in rate This 
increased tone subsided within a few minutes during con- 
tinued administration of ether, but with tnchlorethylene a 
gradually increasing tone was observed 
During the first few minutes after induction, suction of air 
from the chest produced a more pronounced increase in 
diaphragm-tone and greater acceleration of respiration than 
before the anaesthetic On continuing the ether however, 
there was less and less acceleration which finally disappeared, 
while the acceleration-effect of deflation persisted throughout 
exposure to tnchlorethylene Thus, the reflexes causing 
acceleration of respiratory rate were first stimulated and then 
paralyzed by prolonged exposure even to low concentrations 
of ether, while tnchlorethylene caused a slight prolonged 
stimulation 

Conclusion 

Anaesthetists have reported respiratory disturbances 
especially rapid and shallow breathing, during anaesthesia 
with tnchlorethylene In our experiments we have tned to 
find an explanation for these disturbances by investigating 
the change m activity of pulmonary recepto's during anaes- 
thesia with a number of different volatile anaesthetics The 
effect of tnchlorethylene was compared with that of ether 
chloroform, di-vinyl ether, ethyl chlonde, cyclopropane and 
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nitrous oxide From the experiments on cats there can be 
little doubt that all the volatile anaesthetics tested increase the 
excitability of the pulmonary stretch-receptors, and that this 
increased excitability is largely responsible for the reduction 
in the depth of respiration Thus, shallow breathing may be 
produced by all these anaesthetics alike, the difference 
between them being only one of degree 
On the other hand, the rate of respiration is affected 
differently by the anaesthetics tested Evidence has been 
obtained m rabbits that those deflation-reflexes which 
produce acceleration of breathing, are briefly stimulated 
but then paralyzed by ether, whereas they are stimulated 


throughout exposure to tnchloretbylene The increased rate 
of respiration during administration of trichlorethylene is 
therefore probably due to the cutting short of expiration as 
well as of inspiration 

As the normal pattern of respiration 13 determined by the 
co-ordinated activity of both the stretch-reflexes and the 
deflation-reflexes, the sensitization of both is believed to 
account for the clinically familiar disturbances of respiration 
during anaesthesia, and in particular for the rapid and shallow 
breathing which is so conspicuous with tnchloretbylene 

The work described here has been the subject of a fuller report 
elsewhere ( J Pharmacol , 1944, 81, 340-359) 
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Courlauld Professor of Biochemistry in the Urnersity of London , Director 
of the Caurtauld Institute of Biochemistry, Middlesex Hospital 

Until the 19th century, the remedies used in medical practice 
were either inorganic mineral salts or crude extracts from 
plants As the study of organic chemistry progressed, these 
crude extracts were analyzed, their active constituents were 
isolated and their constitution determined From this the 
next step was to try to synthesize these substances m the 
laboratory from such materials as coal tar, etc , and a further 
step was taken when attempts were made to improve on 
nature by altering the formula of a substance slightly and so 
enhancing its therapeutic effects 

Some Early Synthetic Remedies 

A very good example of the progressive steps leading to 
the discovery of a new remedy is the work which led to the 
introduction of aspirin The willow-bark, or Sahx alba, was 
known to the ancients as an antipyretic In 1827, Leroux 
extracted from willow-bark the bitter glycoside called 
salicm From salicin Piria in 1838 made salicylic acid 
In 1844, Cahours made the same salicylic acid from oil of 
wintergreen This marks the end of the first siage, the 
isolation of the active principle from the natural source 
The next stage was accomplished by Kolbe and Lautemann, 
who m 1860 prepared salicylic acid from phenol However, 
salicylic acid itself has only a limited therapeutic use owing 
to its irritant qualities, so the next stage was to try to modify 
the molecule m such a way as to enhance the good effects 
and diminish the bad This was accomplished when Dreser 
introduced aspirin, or acetylsahcyhc acid, in 1899 
The earliest record of the production of an entirely 
synthetic remedy was the synthesis of chloral by Liebig 
m 1832 He produced this by the chlorination of absolute 
alcohol, which is the method used to-day Chloral hydrate, 
produced by the cautious addition of water to chloral, was 
introduced into medicine as a hypnotic by Liebreich m 1869 
Liebreich thought that chloral hydrate would be broken 
down to chloroform in the body, but in this of course he 
was wrong 


Other achievements along the same lines were the synthesis 
from coal tar of acetamlid by Cahn & Hepp in 1886, and 
later of phenacetm, and the introduction of barbitone by 
Fischer & von Menng in 1903 

The Opium Alkaloids 

Opium, which has been used in medicine for centunes, 
is now known to consist of a mixture of alkaloids which 
are the active principles, and of other substances which have 
no therapeutic value Up till the end of the 18th century 
only crude extracts of opium were available, but m 1816 
Serturner described the isolation of the most potent of the 
opium alkaloids, morphine (Fig 1) Subsequently 5 other 


FIG 1 MORPHINE 



alkaloids were isolated, namely codeine, thebaine, papaverine, 
and narceine Narcotme had previously been isolated by 
Derosne The three alkaloids responsible for the analgesic 
properties of opium — morphine, codeine and thebaine are 
built up on the pheaanthrene-ring system As these com- 
pounds are related in chemical structure, so are they m 
biological activity, the differences between them being m to 
degree, rather than in the nature, of their activity Thus e 
analgesic, respiratory-depressant, convulsant, emetic an 
other effects of morphine are all reproduced in codeine, u 
in codeine the analgesic and depressant effects are wea er 
and the convulsant effects stronger 
One very undesirable property shared by all the p e 
threne alkaloids of opium is the liability to cause addiction. 
Drug addiction became such a serious problem in the 
States that a special committee was set up to _try ° 
synthetic analogues for morphine which would * e P 
the analgesic properties without the untenable s^e-eflects 
Since there appeared to be a definite 
between chemical structure and biological activity, 
thought that the best way to tackle the problem woul 
try to find out if possible what parts of the morphine mol 
are specific for its different effects 
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New Compounds Prepared by Substitution 
The first approach made was to try the effect of substitu- 
tions in the groups attached to the phcnanthrcnc nucleus, 
and in particular the phenolic and alcoholic OH groups 
Comparing morphine with the other alkaloids in this series, 
it is seen that the masking or replacement of these groups 
makes a considerable difference to the pharmacological 
action Codeine (Fig 2), for instance, in which the phenolic, 

FIG 2. CODEINE 



OH is replaced by OCH„ is much more convulsant and 
much less analgesic and narcotic than morphine A large 
number of compounds was made and, on the whole, it was 
found that substitutions m the alcoholic OH group enhanced 
the analgesic effects Unfortunately, however, as the anai- 
g«ic effects were enhanced, the toxicity and convulsant 
effects were increased too, so that these compounds were of 
no practical value 

A further method that was tried was that of nuclear sub- 
stitution, for instance the introduction of a basic amino 
sraup at carbon -2 (2 aminomorphine) (Fig 3) This caused 

FIG 3 2-AMI NOMORPHINE 



, e * :rease 111 die morphine-like properties However, one 
stance produced along these lines, methyl dihydro- 
va ,f~ (Fig 4), has been found to be of therapeutic 
dnrju’ ^ ^ 13 tw,ce 33 effective in analgesic action and its 
cases m* h f 0 * 1011 13 33 lon S 33 that of morphine In the 
w ™ c h it was tried, no emetic or respiratory depressant 
action was observed 


FIG 4 METHYL D1HYDROMORPHINONE 



Bonding on the Phenanthrene or Similar Nuclei 

mol eciff* w as to start, not from the morphine 

. but from the simple phenanthrene nucleus, or 


from sonic other nucleus, such as dibenzofuran or carbazol 
The gener il formulae of these are shown in Fig 5 The most 

FIG 5 



Phenanthrene Dibenzofuran Carbazol 


effective analgesic among the denvatives from the phenan- 
threnc nucleus was 3 py-tetrahydroiso-qumolino-4-hydroxy- 
1,2,3,4-tetrahydrophenanthrene The carbazol denvatives 
appeared to be the most promising of all the synthetic sub- 
stances, with high analgesic and narcotic effects, low toxicity 
and little emetic action The most active member of this 
senes was 9-methyl-2(l-hydroxy-3-diethyl ammo) propyl 
carbazol Of the substances submitted to clinical trial the 
most promising was methyl dihydromorphmone 

Synthetic Analogues 

Another group of workers (Dodds, Lawson & Williams, 
1944) approached the problem from a rather different angle 
Bearing in mind that stilboestrol, which bears only loose 
chemical relationship to the naturally-occumng oestrogens, 
is able to replace these in every way, these workers con- 
sidered the possibility that synthetic analogues might be 
found for other naturally-occurnng substances containing 
the phenanthrene ring system 

As a starting point diphenylethylamine was tested, and 
then 17 derivatives of this were prepared and investigated. 
Their code-numbers, chemical names and formulae are given 
in Fig 6 

Animal Tests The criteria of the biological tests were 
depression of the nghting-reflex in rats, rise in the blood- 
sugar in rabbits, and the effects of intramuscular injections 
in cats Five of the compounds were tested clinically 

The synthetic compounds were all found to have less 
capacity than morphine for depressing the nghting-reflex in 
rats There did not appear to be any coherent relationship 
between chemical structure and pharmacological activity 
It was found that the di-amino compound (M2) appeared to 
have no depressant activity at all The 0-hydroxy compound 
(M4) and the compounds with hydroxy or methoxy groups 
attached to one, or both phenyl rings (M15, M14, and Ml) 
were less active than the parent compound (M3) On the 
other hand, the cyclo-hexyl compounds (M16 to M18) were 
more active, but more toxic, than the parent compound. 

With regard to the effects on the blood-sugar of rabbits, 
diphenylethylamine was found to have a marked capacity for 
raismg the blood-sugar, although the doses required were 
larger than the doses of morphine required. Addition of an 
amino group in the 0-position was found to increase the 
activity (M2,) as also the addition of a single hydroxy group 
to the a-phenyl ring (Ml 5), but methylation of this phenolic 
hydroxy group (M14) markedly increased the activity The 
cyclo-hexyl compounds (M16 to M18) appeared to be the 

most active of all , . . fr> 

The effects of the compounds on cats were difficult to 
assess, as the number of animals available was very small and 
cats vary very much in then: individual response to the 
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FIG 6 DIPHENYLETHYLAMINE AND RELATED 
COMPOUNDS 


Code 

No Chemical Name 


Formula 




MI5 


MI4 


Ml 


M4 


a (p hydroxyphenyl)-£- 
phenyl ethylaminc 


a-(p anisyl)-/J-phenyl 
ethylamine 


4 4'-dimethoxy-a/?- 
diphenylethylamine 


OH 




/l-hydroxy-a/3-di phenyl 
ethylamine 



M9 


$ hydroxy-a/J diphenyl n- 
butyl dimethylamine 



MI2 a-amino dcoxy benzoin 


M7 dimcthylamlno benzyl- 
phenyl-ketone 


MI6 a phcnyl-/?-cyclo- 

hexyl ethylamine 


MI7 a-(p-anisyl)-/?-cydo-hexyl 
ethylamine 



M 1 8 a-cyclo-hexy 1-jS- 

phenyl-ethylamine 



M5 /3-hydroxy-a/l diphenyl- 

n-propylamine 


M8 j3-hydroxy-a/3-diphenyl-n- 

propyl dimethylamine 




:ffects of morphine Diphenylethylamme and its ft-l y ox y 
ierivative (M4) both produced pupil dilatation and ype - 
:xcitability in cats Addition of methyl or ethy ffo p 
ilso m the ^-position (as in M5 or M 6) appeared to increase 
he activity, and it was still further increased by me y 
>f the ammo mtrogen (as in M8 and M9) T ee 
impounds (M7, M16 and Ml 8) produced vomiting, a 
ithers produced nausea, hekmg of the hps, and . s 
Clinical Tests Five of the compounds, M3, M4, » 

md Ml 8, were tested clinically For this purpose 
idmmistered orally to patients suffering from P , 

nahgnant disease and who were havmg morphine 
ntervals The substances to be tested were substi 
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the morphine without informing the patient Substances M2, 
M7 and Ml 8 were found to be inactive M3, when given m 

doses of 200 mg every 3 hours, was found to reheve the 
pain, but mental confusion developed after about one hour 
When given to normal persons, M3 produced elation and 
slight muscular incoordination M4 was tried on 14 patients 
and gave complete relief of pain in all cases without any 
signs of mental confusion or undesirable after-effects 
Extensive clinical investigation, however, showed that this 
senes of compounds relieved only pain associated with 
nerve-pressure They were found to be comple'ely effective 
m cases of carcinomatous growth pressing on nerves, but 
appeared to be without any activity on pam caused by 


inflammatory processes and similar conditions It must, of 
course, also be emphasized that substances of this senes at 
present investigated are of only theoretical interest, and are 
not suitable for adoption into clinical practice It may well 
be, however, that further investigations m this series would 
succeed in producing substances of actual clinical importance 
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chlonde about 15 % These results led to a systematic study 
of benzihc esters of the general formula 

(C s H 5 )»C(OH) COO(CHj) 0 NR R' R'jx, 

where R, R' and R' are alkyl groups, X is a halide anion, and 
n = 2 or 3 Before discussing the results of this study, it 
may be well to outline briefly the method used to estimate 
mydriatic activity 


Department of Pharmacology , Oxford 

During the war need arose to investigate synthetic mydnatics 
which might be used m place of atropine if supplies of the 
latter became inadequate Synthetic atropine was thought 
to present a far too difficult manufacturing problem and the 
only synthetic mydriatic of the atropine type in common 
use, viz eucatropme, is a much less powerful drug The 
supply of homatropine is, of course, dependent upon the 
same sources as atropine 

Atropine is an ester of an ammo-alcohol (tropine) and a 
phenylhydroxypropiomc acid (tropic acid) Jowett & Pyman 
(1910) had shown that synthetic esters of tropine display 
marked mydriatic activity on local application to the eye 
only when the estenfying acid contains both a phenyl and a 
hydroxyl group Braun, Braunsdorf & Rath (1922), 
Fromherz (1933) and other workers had also shown that the 
tropine part of the molecule could be replaced by simpler 
and more readily accessible ammo-alcohols without complete 
loss of mydriatic activity The problem resolved itself mto 
finding the optimal combination of ammo-alcohol and acid 

The work of Blicke and his collaborators (Blicke & 
Maxwell, 1942 , Blicke & Kaplan, 1943) suggested that 
benzihc acid was the most suitable acid , it contains two 
phenyl groups and a hydroxyl, and consequently fulfils the 
conditions laid down by Jowett & Pyman Unfortunately 
Blicke made no quantitative comparison of his compounds 
with atropine, and it is therefore difficult to judge the relative 
merits of the different ammo-alcohols which he used , 
moreover, several of his mydriatic benzihc esters were also 
described as excellent local anaesthetics, a result which 
throws doubt on the truly atropme-like character of then 
mydnatic action 

The mydriatic effect of atropine is the result of an 
antagonism to acetylcholine and it was thought that the same 
effect might be achieved by a suitable choline ester , for this 
reason the benzil ic and tropic esters of choline were first 
prepared Benzilylcholme chloride had about 30% of the 
mydnatic effect of atropine (m mice) and tropylcholme 


FIG I FORMULAE OF ATROPINE AND SYNTHETIC 
SUBSTITUTES INVESTIGATED 
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Methods 

All the early work on synthetic mydnatics mvolved a 
comparison of the effects produced by the instillation of 
standard soluUons of atropine and of the synthetic substances 
mto the eyes of cats or rabbits , this method allows only 
a qualitative judgment of relative activity A quantitative 
method was described by Pulewka (1932) m which the drug 
is injected mto mice and the diameter of the pupil is measured 
directly by means of a binocular microscope with a scale m 
the eyepiece 

Groups of mice, of approximately uniform weight 
(15-20 g), are injected mtrapentoneally with 0 2 ml of the 
solution to be tested and the size of the pupil is measured m 
the arbitrary units of the eyepiece scale The effect of 
atropine reaches its maximum m 15 minutes and begins to 
decline after 25 minutes , for this reason, readings of pupil- 
diameters are made between 15 and 20 minutes after the 
injection 
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The effect of a given dose of atropine vanes in different 
groups of mice and even within the same group at different 
times , for this reason, the effect of two or three different 
doses of atropine m different groups of mice should always 
be determined simultaneously with that of a range of doses 
of the substance under test In practice it is convenient to 
use 5 mice in a group and to inject 3 groups with different 
doses of the substance under test and 3 groups with different 
doses of atropine 

When atropine is given m the dosage range 0 002-0 008 mg 
per mouse the mean diameter of the pupil in a group 15 
minutes after the injection is directly proportional to the 
logarithm of the dose (Fig 2) By plotting the results 
obtained with atropine as in Fig 2, the mean effect of a dose 
of the substance under test can be equated to that of a dose 
of atropine, and consequently the potency of the substance 
can be expressed as a percentage of the dose of atropine which 
would produce the same mean effect The curves relating 
log dose to mean effect of the synthetic mydriatics are also 
linear, but they are often not parallel to that of atropine , 
m such cases it is impossible to derive a potency figure which 
will hold true at all doses, but an average figure over a four- or 
five-fold dosage range can be given 

FIG 2 COMPARISON OF MYDRIATIC EFFECT 
ATTAINED WITH DIFFERENT DOSES AT THE SAME 
TIME AFTER INJECTION 



Results 

Some 50 synthetic esters of the general type mentioned 
above were prepared in collaboration with Dr A H Ford- 
Moore in the Dyson-Pemns Laboratory, Oxford, and tested 
m this Department by Dr Edith Biilbrmg and Mrs Izabella 
Wajda Table I gives the results obtained with compounds 
modelled on benzilylchohne (Cl), in which the nature of the 
alkyl groups attached to the nitrogen atom was varied , the 


relative potencies are recorded as potencies per mol in terms 
of atropine sulphate = 100 The most active compound 
(E3) has a molecular weight very close to that of atropine 
sulphate, and on a weight-for-weight basis is equal m activity 
to atropine , indeed, the log-dose mean-effect curve for E3 
coincides with that for atropine (Fig 2) 

TABLE I COMPARISON OF COMPOUNDS MODELLED 
ON BENZILYLCHOHNE 

(C,H,),C(OH)CO OCH,CH,NR R'R*)>X , . 

J Relative ooiency Number cf ms 
per mol (atropine uted 

Serul sulphate « ICO) for for 

number R R R' X onthemeu eeyc sub tancc atrep 


Cl 

CH, 

CH, 

H 

Cl 

126 

15 

15 

Cl 

CH, 

CH, 

CH, 

Cl 

31 

50 

65 

E3 

CH, 

CH, 

C,H, 

Cl 

1044 

£0 

50 

£4 

CH, 

CH, 

. o C,H, 

Cl 

92 5 

60 

70 

E5 

CH, 

n 

X 

nC.H, 

Br 

22 

24 

20 

E6 

CH, 

CH, 

C.H, 

Br 

28 

20 

10 

UJ 

CH, 

CH, 

n C.H, 

Br 

105 

25 

20 

El! 

i 

CH, 

CH, 

nC,H,, 

Br 

13 

23 

3a 

El 

i 

C.H, 

C,H, 

H 

Cl 

6 

25 

50 

E2 

C,H, 

C.H, 

CH, 

Cl 

64 

55 

55 

EI4 

C,H, 

o 

X 

C,H, 

Br 

83 

85 

83 

EI5 i 

1 

C.H, 

C.H, 

n C.H, 

Br 

22 

60 

85 


E3 differs from benzilylchohne chloride (Cl) only in the 
replacement of one methyl group on the nitrogen atom by 
ethyl, a change which trebles the activity Another mydriatic 
choline ester, viz di-/i-butylcarbamylchohne chloride, was 
described by Swan & White in 1944, and it is interesting to 
note that the most active member of this class of compounds, 
viz dibutohne, is also the one in which one methyl group 
of the choline ester is replaced by ethyl (Swan & White, 


1944, 1945) 

In comparing mydriatics it is important to distinguish 
between the intensity and the duration of the effect The 
intensity of mydriasis (dilatation per unit dose) produced by 
E3 is equal to that of atropine in the mouse, but the duration 

of the effect is less In Fig 2 the mean diameter of the mouse- 

pupil, measured at 30-nunute intervals, is plotted as a 
multiple of its normal size agamst time for both atropine 
and E3 It will be seen that the effect of E3 declines more 

rapidly than that of atropine 

The durations of mydriasis produced by E3 and atropui 
were also compared by local administration of one drop o 
1 % solutions twice daily into the eyes of cats Atropine 
maintains full ddatation of the cat’s pupil during hve flays 
of such treatment and for five days after administration 
ceased E3 showed little cumulative effect , some constri - 
tion of the pupil to light occurred each morning ^™ g fter 
treatment and complete recovery was observed 24 hours 
administration had ceased - 

E3 was also tested by Professor Ida Mann on monk y 
paralysis of accommodation, which it was founc d to P«>auc 
It has since been used on human patients in the Oxfor y^ 
Hospital and elsewhere with success Although d 

are less prolonged than those of atropine, full dilatation a^ 
paralysis of accommodation can be mamtamed by mo 
frequent administration E3 also has the advantage that 



SYNTHETIC ATROPINE SUBSTITUTES H R Ing 


FIG 3 COMPARISON OF MYDRIATIC EFFECT AT 
DIFFERENT TIMES AFTER INJECTION OF STANDARD 
DOSES 



Dilatation/time curves for atropine E3 and PIO on the mouse-eye 
Abscissae = time in minutes after injection 
Ordinates = multiple of normal pupil-diameter 


can be used with safety on patients who are allergic to 
atropine and other belladonna alkaloids , no well-authen- 
ticated case of E3 irritation has so far been reported to the 
author It can be used, like atropine, in 1 % solution 
E3 is a white crystalline substance, readily soluble in water, 
and its solutions are neutral and stable to prolonged boiling 
It is rapidly hydrolysed in alkaline solutions 
Toxicity E3 was tested for toxicity on mice and cats 
In mice the LD S0 was determined by three routes, and the 
figures for E3 and atropine are recorded in Table II 


TABLE II TOXICITY OF E3 AND ATROPINE COM- 
PARED 


Drug 

Intra 

Subcutaneously 

Orally 


pentoneally 



E3 

08 

32 

20 0 

Atropine sulphate 

6-4 

150 

IS 0 


LD m for mice (mg per 20 g ) 


No figure for the lethal dose in cats has been obtained, 
but the toxic symptoms produced by E3 and atropine have 
been compared Atropine in a dose of 60 mg per kg 
subcutaneously produced severe tremor, rapid respiration 
(120 per minute) and vomiting , a state of severe excitement 
developed, followed by violent convulsions which ceased 
after six hours , the animal then appeared to be exhausted 
and unable to stand, the legs being spastic The cat recovered 
and showed no symptoms except maximal mydriasis on the 
following day 

The symptoms produced by the same dose of E3 were 
different , during the first 15 minutes slight tremor appeared, 
the respiration quickened to 65 per minute and the cat 
gradually went to sleep When aroused it appeared confused 
and could walk only with difficulty After 2 hours it began 
to wake up and after 5 hours it could walk, although it was 
still sleepy Next day no symptoms except mydriasis were 


observed A smaller dose (30 mg per kg ) produced sleepi- 
ness and slight ataxia but, except for mydriasis, no other 
symptoms The toxic symptoms of E3 m the cat are therefore 
less severe than those produced by atropine and are more 
like those recorded for scopolamine 

Other atropine-like properties E3 was also tested for 
other atropme-hke properties It reduced the contractions 
of isolated rabbit intestine produced by acetylcholine by the 
same amount as equal doses of atropine It antagonized 
acetylcholine in the isolated and perfused cat’s heart (Langen- 
dorff’s preparation) The inhibition produced in this prepara- 
tion by acetylcholine is abolished or reduced by 0 02-1 0 pg 
atropine The reductions produced by E3 and atropine in 
equal doses were found to be identical, but the effect of E3 
was shorter, being about half as long as that of atropine 
E3 also resembled atropine in antagonizing the salivary 
secretion produced by pilocarpine and carbamylcholme 
Most of the substances listed m Table I were tested by 
Mr G S Dawes on the salivary gland of the cat by a method 
already described by Bulbnng & Dawes (1945) 

A steady flow of saliva, recorded by a Gaddum drop- 
timer, was produced m a cat under pentobarbitone by a slow 
intravenous infusion of carbamylcholme (0 004%) in Ringer- 
Locke solution , as this substance lowers the blood-pressure, 
adrenaline (0 002%) was also included in the infusion The 
rate of infusion, which must be kept constant, was about 
0 5 ml per minute Atropine sulphate in intravenous doses 
of 1-5 pg produced a graded inhibition of the salivary flow 
and a corresponding rise of blood-pressure, and it was found 
possible to match both these effects with doses of the synthetic 
mydnatics The relative potencies were estimated throughout 
by measuring the maximum effect of an injection. 

The results are recorded m Table in in which the relative 
potencies per mol are expressed in terms of atropine 
sulphate = 100 , standard deviations are given for the 
salivary-gland figures, and the relative molar potencies on 
the mouse-eye are included in order to facilitate comparison 
Inspection of Table III will show that the synthetic 
mydnatics have a more powerful effect on the salivary gland 
than on the blood-pressure (relative to atropine) and that 
several of them are considerably more potent than atropine 
on both, but m general the more powerful mydnatics are also 
the more potent in their effects on the salivary gland and the 
blood-pressure A few substances, however, notably Cl and 
E2, which are less active than atropine on the pupil of the 


TABLE III RELATIVE POTENCIES PER MOL IN TERMS 
OF ATROPINE SULPHATE (= 100) 


Serial number 
of substance 

Salivary gland 
(cat) 

Blood pressure 
(cat) 

Eye 
( mcu e) 

C4 

11-18 

10 

12 6 

Cl 

196 - 1 - 32 

103 

31 

E3 

258 + 38 

182 

104-4 

E4 

293 - 59 

238 

92 5 

E5 

147 -r- 46 

98 

22 

E6 

— 

— 

28 

E7 

75 + 19 

63 

10 5 

Ell 

71 - 36 

32 





13 

El 

18 -t- 4 6 

21 

6 

E2 

273 - 49 

239 

64 

EI4 

273 -i- 44 

190 

83 

EI5 

135 -r 30 

73 

22 
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mouse, are considerably more active than atropine on the 
salivary gland of the cat 

Quaternary Salts as Mjdriatlcs 

One of the interesting conclusions which can be drawn 
from the study of these synthetic mydnatics is that the salts 
of tertiary bases are invariably less active m their atropine- 
hke properties than the corresponding quaternary mctho 
salts , thus inspection of Tables I and III will show that C4 
was less active than Cl, and El less active than E2 Several 
other examples of the same relationship were encountered 
and consequently it appeared of interest to re-examine the 
quaternary metho salts of the belladonna alkaloids 

Crum Brown & Fraser (1868-69) were the first to examine 
the pharmacology of atropine methiodido and mctho- 
sulphate They found that both metho salts retained the 
mydriatic and vagal actions of atropine undimuushed, but 
that the effects on the central nervous system were absent ; 
both salts displayed a powerful curare-like action Issekutz 
(1917) found atropine methobromide to be more active than 
atropine on the frog’s heart and on the salivary gland of the 
rabbit, but about equal to atropine on the pupil Cushny 
(1920) concluded that this salt was about 50% stronger than 
atropine in antagonizing pilocarpine in the dog’s salivary 
gland More recently Nyman (1942, 1943) reported that 
atropine methomtrate was about twice as active as atropine 
m antagonizing the salivary secretion produced by pilo- 
carpine m man, but only about 25% more active than 
atropme in the human eye /-Hyoscine and its methosalts 
showed less striking differences Billbnng & Dawes (1945) 
found that the metho salts of atropine, /-hyoscyamine and 
/-hyoscine were each about twice as active as their parent 
alkaloids on the salivary secretion and blood-pressure of 
the cat 

The mydriatic activities of atropine methomtrate, 
/-hyoscyaimne methiodide, /-hyoscine methiodide and euca- 
tropme methiodide were compared with those of their parent 
tertiary bases m the eye of the mouse and of the cat, and the 
results are collected in Table TV The relative mydriatic 


TABLE IV TERTIARY AND QUATERNARY BASES 
COMPARED 


Substance 

Relative potencies per mol (atropine 
sulphate— 100) on the eye of the 

Mouse 

intrapen 

toneally 

| Number 1 
of mice 

1 Cat 

i local!/ 

i 

Number 
of cats 

Atropine sulphate 

100 


! 100 

— 

Atropine methomtrate 

228 

3° 

1 50-100 

9 

/- Hyoscyamine sulphate 

185 

! 85 

1 200 

2 

1-Hyoscyamine methiodide 

492 

60 ' 

t 

1 100 1 

1 

2 

1 Hyoscine hydrobromide 

491 

, 75 1 

1,000-1,500, 

9 

/-Hyoscine methiodide 

479 

35 

1 

330 

3 

Eucatropine hydrochloride 

04 

! 30 

0 05 1 

7 

Eucatropine methiodide 

2 8 

30 

0 04 1 

i i 

2 


activities of these pairs of tertiary and quaternary bases 
depend upon the method of administration , thus atropine 
and /-hyoscyamine are more active than their respective 
metho salts when instilled into the conjunctival sac of the 
cat, but less active than the metho salts when injected into 


the peritoneal cavity of the mouse /-Hyoscine and its 
methiodide were equally active m the mouse, but /-hyoscine 
was about 3-4 times more active in the cat Eucatropine was 
less active than its methiodide in the mouse but about equal 
to it in the cat 

The results in the mouse suggest that, except for /-hyoscine, 
the mctho salts are intrinsically more powerful mydriatics 
than the tertiary bases, but that their relative weakness on 
local application to the cat's eye is due to relatively poor 
absorption from the conjunctival sac When these results 
are taken in conjunction with those of other workers briefly 
outlined above, the conclusion is inescapable that the metho 
salts of the belladonna alkaloids are intrinsically more 
powerful antagonists of acetylcholine than the tertiary bases, 
and the same conclusion applies mutatis mutandis to the 
synthetic benzihe esters discussed above 

The Benziiic Acid Analogue of Eucatropine 

It will be noticed in Table IV that eucatropine is a very 
feeble mydriatic relative to atropine Eucatropine is a 
mandehc ester (sec formulae above) and the replacement of 
the H-atom on the a-C-atom of the mandelyl group yields the 
corresponding benziiic ester , the hydrochloride of the latter 
substance (P 8) was 35 times as active as eucatropine in the 
eye of the mouse Similarly the methochloride (P10) was 
60 times as active as eucatropine methiodide P10 was 70% 
more active than atropine sulphate on a molar basis and 20% 
on a weight basis, but it proved to be less satisfactory than 
E3 in human eyes, probably because its mydriatic action 
wears off rapidly (Fig 2) , moreover, like eucatropine, it is 
not a cycloplegic The figures quoted above, however, show 
m a striking way the peculiar efficacy of benzihe acid as the 
estcrifying acid in mydriatic esters of amino-aicohols 

Conclusion 

The practical outcome of the work described herein was 
the discovery of a synthetic mydriatic, benzilyloxyetbyl 
dimethylethylammonium chloride, which has been referred 
to so far as E3, but which it is proposed to name lachesme 
(from Ad^evi?, one of the Fates whose sister arpo-os gave 
her name to atropme) Clinical reports on lachesme by 
Mann (1946) and Riddell (1946) have been published 
While it is unlikely that lachesme will replace atropine in 
normal times, it may well prove to be a valuable addition 
to the armoury of the ophthalmic surgeon both as a short- 
acting mydriatic and cycloplegic and for the treatment of 
patients who are allergic to the belladonna alkaloids Full 
details of the chemical and pharmacological work on 
lachesme and other synthetic substitutes for atropine have 
been published or are in course of publication (Jag, Dawes 
& Wajda, 1945, Ford-Moore & lag, 1946) 

This article is published by permission of the Chief Scientific 
Officer, Ministry of Supply 
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THE MAINTENANCE OF BLOOD- 
PRESSURE IN ANAESTHESIA 

J H BURN, M D , F R S 


Professor of Pharmacology, University of Oxford 


The blood-pressure is normally controlled by impulses 
proceeding from the vasomotor centre in the medulla by 
way of the preganglionic and then the postganglionic sympa- 
thetic fibres to the blood-vessels , the impulses constrict the 
blood-vessels and so raise the pressure inside them When 
a spinal anaesthetic is given the blood-pressure usually falls 
to a varying extent as the anaesthetic diffuses upwards m the 
spinal fluid and blocks the conduction m the preganglionic 
fibres To restore the blood-pressure it is clear that a pressor 
agent which acts peripherally must be used , no effect will 
be exerted on the calibre of the vessels by a substance which 
stimulates the vasomotor centre 


Mode of Action of Ephednne 

The best-known substance which acts directly on the 
vessels is adrenaline It cannot, however, be used to restore 
the blood-pressure because its action is transient, and it is 
also violent A more suitable substance would be one which 
exerted a prolonged effect and which acted less abruptly 
In 1927 Rudolf & Graham introduced ephednne, and their 
paper was closely followed by that of Ockerblad & Dillon 
It is worth while to consider the mode of action of ephednne, 
as it sheds light on the action of other substances which were 
introduced later. The formulae of adrenaline and of ephe- 
dnne are given m Fig 1 , to the general s imilar ity of these 
it was formerly thought that ephednne owed its pressor 
action Thus it was supposed that adrenaline was struc- 
turally designed to combine with a cell receptor of a special 
type, and that the similar though feebler action of ephednne 
was explained by its approximation to this structure This view 
has now been greatly modified as a result of a senes of 
observations 

Ephednne was found to have very little vasoconstnctor 
action on the vessels of the frog perfused with Ringer’s 
solution (Schaumann, 1928), or of the dog’s leg perfused 
with defibnnated blood (Bum, 1932) A yasoconstnctor 
action appeared only when adrenaline was added to the 
blood These were peculiar findings, since they seemed 
illogical If a substance such as ephednne has a vaso- 
constnctor action, this action would be expected to be 
greatest m the absence of all other vasoconstnctor agents , 
certainly the presence of adrenaline would be expected to 
diminish its action, and not to augment it Why was the 
action of ephednne greater m the presence of adrenaline 9 


FIG I FORMULAE OF PRESSOR DRUGS 
INVESTIGATED 


HO 

HO CHOH CH 2 NHCH 3 
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HO 
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It was shown that ephednne inhibits the action of amine 
oxidase (Blaschko, Richter & Schlossmann, 1937), an 
enzyme present m animal tissues, which destroys adrenaline 
The theory was therefore put forward by Gaddum (1938) 
that the action of ephednne in the body was to reduce the 
rate of destruction of adrenaline If we suppose that 
adrenaline is secreted into the blood-stream by the supra- 
renal glands, and that it is being steadily destroyed by tissue 
enzymes, it is evident that if ephednne inhibits the action of 
these enzymes, the effect of ephednne will be to raise the 
concentration of the adrenaline m the blood Many obser- 
vations indicate that a large part of the action of ephednne 
is to be explained in this way 

Thus the greater vasoconstnctor effect of ephednne in the 
presence of adrenaline is explained by supposing that ephe- 
dnne itself is a very poor vasoconstnctor, but that when 
adrenaline is present, and is being continuously destroyed 
by tissue enzymes, the injection of ephednne diminishes its 
rate of destruction and thus causes vasoconstnction by 
raising the concentration of adrenaline 

The remaining part of the action of ephednne is probably 
explained by the former view that its structural similanty to 
adrenaline enables it to combine with the cell receptors with 
which adrenaline combines , thus ephednne augments the 
rate and force of the isolated heart perfused with Ringer’s 
solution without requiring the presence of adrenaline to exert 
this effect 

This account makes it likely that the action of any 
substance having a structure in part s imil ar to that of 
adrenaline will be due to two effects the substance will 
compete with adrenaline for enzymes which destroy adrena- 
line, and by so doing reduce the rate of adrenaline destruc- 
tion , the substance will also excite certain tissues directly 
which are ordinarily excited by adre nalin e The extent to 
which the one or the other of these actions predominates will 
differ according to the structure of the substance. 
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Some Other Pressor Compounds 
After the introduction of ephedrine, Kuschmsky & 
Oberdisse (1931), working in the laboratory of Paul Trendelen- 
burg, described the properties of wera-sympatol, since known 
in the United States as neosynephnne Except that the -OH 
group in the para position m the benzene ring is missing, 
neosynephnne is identical in structure with adrenaline 
In 1937 Rem introduced ventol, now known m Britain as 
pholedrine Phedracm was introduced in 1938 , it is not 
a near relation of adrenaline Finally methedrine, known 
in Germany as pervitin, and closely related to amphetamine 
(which has the proprietary name benzedrine), was described 
m this country by Dodd & Prescott in 1943 (see Fig 1) 

All these compounds are pressor Their action is easily 
demonstrated by injecting any of them into the vein of a cat 
in which the medullary centres have been depressed by 
successive doses of pentobarbitone so that the blood-pressure 
is reduced to about 50 mm Hg and respiration is main- 
tained artificially If the therapeutic dose, for a man, of one 
of these pressor substances is calculated per kg body- 
weight, and if this dose is injected into the cat, there is a large 
rise of blood-pressure which, after reaching a peak, declmes 
at a rate which varies according to the substance injected 

Action of Pressor Drugs on the Heart 

As a prelude to the investigations to be described, a series 
of experiments was carried out to determine what doses of 
the different substances produced the same rise of blood- 
pressure in the spinal cat An investigation was then made 
of the mode of action of these substances to see how they 
differed (Elmes & Jefferson, 1942) Their action was first 
examined on the isolated heart of the cat perfused through 
the coronary vessels with warm oxygenated Ringer’s solution 
(Methedrine was not examined in this way ) Each substance 
was injected at a given moment into the fluid going to the 
heart, and the doses of the different substances were chosen 
to be in the same ratio as the doses having the same action 
on the blood-pressure 

The effect of ephednne, pholedrine and neosynephnne 
on the heart-rate is shown in Fig 2 The figure, which 
represents the mean of more than 100 observations with each 

F1G 2 EFFECTS OF PRESSOR SUBSTANCES ON THE 
RATE OF THE HEART-BEAT 



FIG 3 EFFECTS OF PRESSOR SUBSTANCES ON THE 
AMPLITUDE OF THE HEART-BEAT 



substance, shows that both ephedrine and pholedrine increase 
the heart-rate, the effect of ephedrine being a little greater 
than that of pholedrine, while neosynephnne has almost no 
effect on the heart-rate The effect of ephedrine and phole- 
drrne is prolonged This evidence that neosynephnne does 
not increase heart-rate constitutes an important advantage 
over ephedrine and pholedrine 
The effect of these substances on the amplitude, that is in 
increasing the force of the beat, is shown in Fig 3 Here 
again it is evident that both ephedrine and pholedrine owe 
a larger part of their action on the blood-pressure to stimula- 
tion of the heart than does neosynephnne Phedracm was 
found to exert very little effect on the isolated heart, even 
when injected into the fluid passing through the coronary 
arteries m very large dose 


Action of Pressor Drugs on the Blood-vessels 
The action on blood-vessels was determined by injecting 
jb substances into the Ringer’s solution which was perfusing 
e vessels of the rabbit’s ear It was also determmed m th 
issels of the dog’s hindleg perfused with blood ^emst 
inclusion which could be drawn was that n ? £ was 
id phedracm possessed a vasoconstrictor achon whi 
gularly demonstrable, their action stood in conuast to 
faction of ephedrine and of pholedrine , to latte 
distances caused vasoconstriction in some preparations b 
>t in others, even in large dose vasocon- 

Evidence that ephednne acts not as l2 fadr Sal.ne, 
nctor substance, but by potentiating thee^ 1 Mahons 
is already been descnbed, and the present 
low that this is true of pholedrine as weU Tte»» 
inclusion was that the constrictor action ^ the 

inne and phedracm ^ Doses 

>e of blood-pressure which follows , s£5 

• neosvneohrme and of phedracm which caused equal 
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o* blood-pressure were in the ratio 1 to 14 Doses which 
caused equal vasoconstriction w ere in the ratio 1 to 10 It may 
be noted, by the way, that, because neosynephnne has this 
vasoconstrictor action, Tamter &. Stockton (1933) suggested 
that it might be used instead of adrenaline with local 
anaesthetics, such as procaine, to prolong their action 
Elmes & Jefferson (1942) therefore tested ephednne, phole- 
dnne, neosynephnne and phedracm for this purpose, injecting 
mixtures of each with procaine into the skin of guinea-pigs 
to determine the duration of anaesthesia It was found that 
neosynephnne alone was effective and that, cunously enough, 
phedracm was ineffective despite its predominantly vascular 
action 

The results of examining the effect of the 4 substances on 
the vessels of the rabbits ear were confirmed when the 
vessels of the dog s hindleg, perfused with defibnnated blood, 
were used as the test-object In Table I the doses of the 
4 substances having similar effects are shown 

It is probable that the effects of the 4 substances on the 
blood-pressure depend on other effects as well as on a direct 
action on the heart and on the vessels Thus Rem (1937) 
attributed the pressor effect of pholednne to a rise m tonus 

TABLE 1 EQUIPOTENT DOSES OF PRESSOR 
COMPOUNDS 



Action on 

Action on 

j Action on 


blood pressure 

1 heart 

j vessels 


mg /cat 

I ^ 


Ephednne 

2 65 

1 15 0 

60 0* 

Neosynephnne 

0 15 

1 25 

025 

Pholednne 

0 76 

50 

12 0* 

Phedracm 

2 05 


25—180 

l 


* In many experiment! there aubtcancei were inactive on the veateli 


on the venous side of the circulation, in particular to a 
reduction of spleen- and liver-volume In confirmation of 
this view, Chakravarti & Tripod (1940) found that pholednne 
caused a striking diminution of the isolated and perfused 
dog’s liver, a much greater diminution than was caused, for 
example, by ephednne It is likely that the pressor action of 
phedracm also depends on other effects than those examined, 
for it was found to have almost no action on the isolated 
heart, and to vary greatly from one preparation to another 
in its action on the vessels , sometimes only a large dose 
exerted a constnctor action 

The Restoration of the Blood-pressure 

To choose the most suitable substance to restore the blood- 
pressure it is necessary to know for how long the effect of 
a substance lasts , a substance with a relatively transient 
action will be of less value A comparison of the 4 com- 
pounds was made, in which each was tested m five cats, and 
the mean result was calculated The comparison was made 
under the conditions described above, in which large doses 
of pentobarbitone had been given so that the blood-pressure 
fiaal] a k° Ut 111111 ’ anc ^ fcspu'ation was maintained arti- 

The results are shown in Fig 4 The effect of neosyne- 
phnne was the soonest over In 15 minutes after the 
ujection the blood-pressure was back to within a few milli- 
ng!?! 0 *' t ' le * eve * ^ e ^ ore injection The effect of ephednne 

s ed longest, and that of pholednne was almost as long 


FIG 4 DURATION OF PRESSOR EFFECT OF A SINGLE 
INJECTION 


mm Hg 



Shows the fall of the blood pressure from the peak after a single 
Injection 

The ordinates represent the height of the blood pressure above 
the initial level 

A = ephednne B = phedracm, C = pholednne and D = neosyne- 
phnne 

Each graph Is the mean of observations In 5 cats 

After an injection of ephednne the blood-pressure was about 
30 mm. higher than before injection, at 45 minutes, and 
about 20 mm higher at 60 minutes Thus, for a lasting 
effect, ephednne was the best of the 4 substances 
When the blood-pressure has fallen, it is likely that more 
than one injection of the restorative agent will be required 
in the course of a few hours, even when the longest-acting 
substance is used It is therefore important to know, when 
a substance is selected, that it will produce a good effect m 
later injections than the first To examine this point, each 
of the substances was injected at hourly intervals for 4 hours, 
and the mean nse of blood-pressure was determined for each 
substance The results are shown m Fig 5 Here it is seen 
that the effect of neosynephnne remains exactly the same at 
each injection, whereas the effect of ephednne becomes less 
and less An injection of ephednne, which when given for 
the first time caused the pressure to nse 120 mm., caused the 
blood-pressure to nse by about 25 mm when given for the 
fourth time Of the other two substances, pholednne mam- 
tamed its effect on repeated injection better than phedracm , 
the fifth injection of pholednne produced a rise of 90 mm 
At this pomt of the investigation it therefore appeared that, 
of the 4 substances, pholednne was the most useful The 
effect of an initial injection of pholednne lasted almost as 
long as that of ephednne, and the effect of subsequent 
injections of pholednne was much better than that of subse- 
quent injections of ephednne 

An examination of the changes in the level of the blood- 
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FIG. 5 PRESSOR EFFECTS OF REPEATED INJECTIONS 
mm Hg 



Abscissae ~ hours at which injections were made 
Ordinates = mean rise of blood-pressure 

D is the graph for neosynephrine and shows that the rise is just as 
great after the fifth injection as after the first 
C ~ pholedrme, B = phedracin, A — ephedrme 


pressure during the course of the experiments, however, 
revealed a difference in the effect of the different substances 
■which is not seen in the analysis so far. When experiments 
m which neosynephrine was injected were considered, it was 
seen that there was no rise in the blood-pressure except at 
the times when the injections were made and for about 
15 minutes afterwards Apart from these rises of short 
duration there was no general rise The mean blood-pressure 
before the first injection of neosynephrine was 47 mm , 
the mean blood-pressure before the fifth injection was 43 mm 
So far as phedracin and pholedrme were concerned the 
situation was rather better (see Fig 6) The mean blood- 
pressure before the first injection of phedracin was 58 mm , 
but before the fourth injection it was 66 mm , thus, during 
the course of the experiments with phedracin, there was an 
upward tendency indicating that its effect was persisting all 
the time The results with pholedrme were similar to those 
with phedracin 

The results with ephednne were more definite Before the 
first injection the blood-pressure was 53 mm , before the 
second it was 72 mm , before the third it was 75 mm , and 
before the fourth it was 87 mm Thus, the restorative action 
of ephednne was seen to be decidedly greater than that of 
the other substances, for the general level of the blood- 
pressure between the injections is of more consequence than 
its height just after injection 


Results with Methedrae 

The work so far described was earned out by Eimes & 
Jefferson and a bnef account appeared in their paper published 
vn 1942 The work of Dodd & Prescott on methednne 
anoeared in 1943 These workers recorded the blood- 
pressure and pulse-rate m patients every 3-5 minutes in 130 
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operations, “ and in 54 of these the systolic pressure or the 
pulse-pressure dropped sufficiently for the patient to need 
a pressor agent Methednne was used when the systolic 
pressure fell to 80 mm or less , 20 minutes was allowed, 
first, for natural recovery ” They found that out of the 
54 cases given methednne, only one failed to respond to it 
In the others the blood-pressure was restored to a normal 
level m a penod of from 2-18 minutes It was administered 
either intravenously or intramuscularly or both The dose 
for a single intravenous injection was 10-20 mg, and a 
single intramuscular injection 15-30 mg When both injec- 
tions were given, the doses were 10-15 mg intravenously and 
15-20 mg intramuscularly In 44 out of the 54 cases only 
one injection was necessary They were impressed by the 
pressor action of methednne which is “ sustained over a 
penod of several hours after the operation ” Extrasystoles 
were noted in three patients, but these were also observed 
m patients to whom methednne was not given. Dodd 
(Dodd & Merton, 1939 , Dodd, 1940 , 1942) had previously 
investigated the action of ephedrme and pholedrme, and 
was therefore able to compare methednne with them. Dodd & 
Prescott say that methednne is supenor because it does not 
cause a rapid rise and fall of blood-pressure, because its 
effect lasts for several hours and not for 30-45 minutes, and 
because one injection is usually enough 

In view of these results, which speak so much m favour of 
methednne, a series of observations were made in cats, m 
which methednne was compared with pholedrme Eight 
cats were used to observe the effect of methednne and 4 were 
used for pholedrme Both methednne and pholedrme were 
given in a dose of 0 35 mg per kg , which is approximately 
equivalent to 20 mg for a man (of 60 kg ) The mean initial 
rise of pressure caused by the two substances was about the 

FIG 6 PERSISTENCE OF PRESSOR EFFECT WITH 
SEVERAL INJECTIONS 

mm Hg 
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same (91 mm for methednnc, 94 mm for pholedrme) The 
other effects suggested that the difference between methednne 
and pholedrme was \ery similar to the difference between 
ephedrme and pholedrme, and that methednne and ephednne 
resembled one another closely Just as later injections of 
pholedrme had more pressor action than later rejections of 
ephednne, so they had more pressor action than later 
rejections of methednne The mean rises for 4 successive 
hourly rejections were, for pholedrme, 94, 65, 60 and 63 mm 
For methednne they were 91, 50, 42 and 52 mm 

Likewise methednne caused the general level of the blood- 
pressure to rise throughout «he expenment, just as did 
ephedrme, and almost to the same extent Thus the initial 
blood-pressure before the first rejection of methednne was 
a mean figure of 56 mm , before the second it was 71 mm , 
before the third it was 82 mm , and before the fourth it 
was 92 mm These figures almost coincide with the figures 
for ephednne given in Fig 6, and show that there is a close 
similarity between the action of the two substances This is 
to be expected from their structural relationship, for methe- 
drme can also be called desoxyephednne 

The studies on the cat thus point to the conclusion that 
the best substances for restoring the blood-pressure in 
anaesthesia are methednne and ephedrme, and that these 
are both supenor to pholedrme, phedracin and neosyne- 
phnne for this purpose In view of the positive statement 
of Dodd & Prescott (1943) that in patients methednne is 
supenor to ephedrme, it is desirable that these substances 
should be carefully compared in a senes of cats before any 
suggestion is made that ephednne is not mfenor to 
methednne 

Use of a Pressor Agent m Anaesthesia 

In the operations m which Dodd & Prescott made their 
observations the anaesthetics employed were of all kmds — 
spinal, general (including gas and oxygen, ether and 
tnchlorethylene), local anaesthetics and intravenous pen- 
tothal They remark that “ a fall in blood-pressure usually, 
though not always, occurs after giving a spinal anaesthetic 
Pressor agents are often given prophylactically to prevent 
this, but we preferred to correct the fall if and when it 
occurred ” They further say “ If the spinal anaesthetic does 
not bring about a fall in blood-pressure and a pressor agent 
is administered, the resulting rise in blood-pressure causes 
increased haemorrhage from the operation wound ” These 
words appear to be worth emphasis 

Pressor Substances by Intravenous Dnp 

Some workers recommend that, to maintain the blood- 
pressure during anaesthesia, adrenaline should be given by 
intravenous dnp When adrenaline is infused at constant 
rate into the vein of an anaesthetized cat or dog, it is observed 
that, unless great care is taken to main tain the rate of infusion 
constant, serious fluctuations re the blood-pressure may 
occur without warning A more important observation, 
however, is that, when an infusion of adren alin e is stopped, 
the blood-pressure may then fall very low Bulbring & Bum 
(1942) have shown that adrenaline, when present re the blood 
in low concentrations, facilitates the transmission of sympa- 
thetic impulses through the sympathetic ganglia When, 
however, the concentration of adrenaline is higher, the 
transmission is impaired and impulses from the vasomotor 


centre fail to reach the blood-vessels , the blood-pressure 
remains good while the adrenaline continues to enter the 
blood-stream, but when it is stopped, there is complete 
vascular relaxation There will be a risk of this vasomotor 
collapse occurring at the end of intravenous adrenaline 
infusion 

It may be that a safer agent for this purpose is neosyne- 
phrine, but the effect of administering it continuously has 
not yet been examined 

Summary 

The action of the substances ephednne, neosynephrme, 
pholedrme, phedracin and methednne m restoring a blood- 
pressure which has been depressed by the injection of large 
doses of pentobarbitone has been analyzed and them relative 
value has been indicated The evidence ob tamed in cats 
indicates that the best substances are methednne (pervitin) 
and ephednne 
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THE VISUAL MEASUREMENT OF 
BLOOD-PRESSURE 

DAVID S EVANS, Ph D , & K MENDELSSOHN, 
D Phil 

Clarendon Laboratory, Oxford 

The determination of the systolic and diastolic pressures and, 
perhaps to an even greater extent, the determination of their 
difference — the pulse-pressure— form one of the anaesthetist’s- 
most important guides to the condition of his patient during 
an operation The customary method of determination by 
the aid of a stethoscope strapped to the arm of the patient 
has a number of disadvantages, not the least of which is that 
it is usually inaccessible beneath the sterile coverings which 
drape the patient. The manipulations of the surgeon may 
easily displace the stethoscope, unknown to the anaesthetist, 
and failure to hear the sounds properly may be attributed 
to this cause, when m fact they should be interpreted as a 
sign of a deterioration in the condiUon of the patient. 
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Further, the auscultatory method of blood-pressure deter- 
mination may be rendered difficult and uncertain by the 
mtrusion of small sounds due to any one of a multitude of 
causes 

It is therefore clear that a visual record of, for example, 
the pulse-pressure would have considerable advantages, and 
if, in addition, this record could be arranged to be mdependent 
of the manipulations of the anaesthetist, it would have the 
further important advantage of leaving him free to devote 
all his attention to his patient at just those moments of crisis 
when it is most important for him to assess accurately the 
effects of his clinical procedures 

General Approach to the Problem 

In approaching the proolem of the measurement of blood- 
pressure de novo, two mam methods suggest themselves 
The first is to employ the Korotkov sounds , the second to 
employ the pressure-pulsations taking place in an inflated 
cuff bound round a limb Besides the practical objections 
to the use of the sounds which have already been advanced, 
there is the further difficulty that the significance of the 
various sounds m terms of the behaviour of the artery is by 

FIG I COMPARISON OF PREDICTED AND ACTUAL 
RELATION BETWEEN AMPLITUDE OF PRESSURE- 
PULSATION AND DEGREE OF CUFF-PRESSURE 


D S 





o Theoretical curve 

Abscissae = cuff-pressure (mm Hg) Ordinates = pressure- 
pulsations D = diastolic pressure S = systolic pressure 
b Optically-registered diastolic record 

c Optically-registered systolic record [The records should be read 
from right to left ] 


no means well understood Moreover, the design of an 
instrument to make use of them would necessarily entail the 
use of electronic amplifying devices of one kind or another 
The result would be, not only that the apparatus would be 
complicated and expensive, but also that it would depend for 
its working on outside sources of electrical supply 
The employment of the pressure-pulsations in a cuff seems 
to offer a simpler approach and to promise a final product 
of a less complicated and expensive type It is true that 
oscillometers of various lands are already on the market, but 
these are not entirely satisfactory because there is no indica- 
tion of the physical or physiological significance of their 
readings or records except what can be deduced empirically 
by experimentation As will be seen later, in many cases the 
deductions which have been made are fallacious 

Principles and Method Adopted 

Our own approach (Evans & Mendelssohn, 1942) to the 
problem was from the standpoint of the first principles of 
physics which were applied to a simplified model of an artery 
as being an elastic tube surrounded by an incompressible 
jelly We first made a simple analysis of the pressure- 
pulsations which would be observed in a cuff bound round 
the limb and inflated to various constant pressures Our 
conclusions were as follows If the external pressure exerted 
by the cuff is always greater than systolic pressure, 1 e if the 
cuff-pressure is above systolic, then the section of artery 
beneath the cuff will be occluded and no blood will flow 
On the other hand, if the cuff-pressure is not too far above 
systolic, there will be small pressure-pulsations in the cuff 
due to the impact of the pulse-wave on the upper edge of the 
occluded section Each wave will open the artery a little, 
but the depth of penetration of this “ edge-effect ” will be 
small If, now, the cuff-pressure be lowered to a value 
intermediate between systolic and diastolic pressures then, 
during some part of each heart-cycle, the artery will be 
occluded, and during another part of the cycle the artery will 
be fully patent For cuff-pressures m this region, therefore, 
the arterial volume-changes will be large, and these will lead 
to relatively large pressure-pulsations in the cuff 
Finally, if the cuff-pressure is below diastolic pressure, 
then at no time does the external pressure exceed the internal, 
and the only volume-changes which occur during the heart- 
cycle will be the small changes consequent upon the elastic 
response of the artery to the varying pressures within it 
In this region the volume-changes, and consequently the 
pressure-pulsations in the cuff, will be small 

The predicted relation between the size of pressure- 
pulsation and the cuff-pressure is shown in Fig 1 a It will 
be noticed that the variation of size as the cuff-pressure 
crosses systolic pressure is continuous, whereas at diastolic 
pressure there is a sharp change, corresponding to the 
transition from an artery alternating between complete 
occlusion and complete patency above diastolic, to an artery 
undergoing small elastic pulsations below that pressure 
A further conclusion from the analysis was that at any 
constant cuff-pressure below diastolic, the size of pulsation 
observed m the same patient should be proportional to the 
pulse-pressure m the artery 

The Sphygmoscope and its Operation 
The sphygmoscope which we developed was based on 
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FIG 2. SIMPLIFIED DIAGRAM OF THE SPHYGMOSCOPE 



these principles The principle of the method is illustrated 
tn Fig 2 B is the cuff, the pulsations in which are to be 
detected and studied. The means of detection is a sensitive 
differential membrane-manometer, M, consisting of two 
chambers The smaller of these is connected directly to the 
cuff, while the larger is connected to it through a capillary 
tube, C The effect of this capillary is that pulsations are 
earned directly to the smaller chamber only, and are damped 
out in the capillary On the other hand, the capillary 
transmits stow pressure-changes, due perhaps to changes 
of the fluid content of the hmb, and keeps the pressures in 
the two chambers equal The aneroid manometer m d 

FIG 3 SPHYGMOSCOPE, SHOWING CONTROL PANEL 



t'L = aneroid manometers 
"* Ai = snap-action release-valves 
5 = taps for systolic (S) and diastolic (D) records 


indicates the mean pressure in the circuit, while the move- 
ments of the membrane m C are shown by means of a mirror 
and a light-beam and scale The movements of the light 
spot on the scale indicate the size of the pressure-pulsations 
in B These are of the order of a few millimetres of water 
at most, and hence high sensitivity of M is essential The 
differential arrangement allows the detection of these small 
pulsations, since the membrane is not called upon to with- 
stand any but the smallest of pressure differences In the 
actual construction (Fig 4) a wide by-pass tap D 1 is provided 
which connects the two chambers of M and allows rapid 
inflation to any pressure without damage to the membrane 
When this tap is open the manometer does not, of course, 
record pulsations To allow the pressure to be lowered 
gradually during recording, the capillary C is divided mto 
two parts, being tapped at the centre by a slow-release valve 
Rj with a snap action 

This part of the apparatus serves for the determination 
of diastolic pressure and the estimation by continuous regis- 
tration of the pulse pressure The method of operation is as 


FIG 4 SPHYGMOSCOPE WITH OUTER CASE REMOVED 



m d> m, = aneroid mano- 
meters 

Ra R, = snap action release- 
valves 

D = inflation tap linked to D 1 


D l = by pass tap 
M = membrane manometer 
A B = to cuffs A B (compare 
F*g 2) 


follows this part of the apparatus (the detecting circuit) 
is inflated to any desired pressure above the expected 
diastolic, and the by-pass closed The release valve is then 
opened and the size of pulsations observed As the pressure 
falls the size of pulsations follows the curve of Fig 1 a until, 
when diastolic pressure is reached, there is a sudden drop 
in size At this pomt the release-valve is snapped shut and 
the pressure is read Fig lb shows an actual photographic 
record of this process, and it will be seen that the diastolic 
pressure is defined unambiguously, certainly within two or 
three mm of mercury either way 
For the estimation of pulse-pressure, the pressure in B is 
set to any desired value below diastolic, and then, this 
pressure being maintained, the size of the pulsations is 
proportional to the pulse-pressure, previously determined 
from separate observauons of systolic and diastolic pressures 
For the determination of systolic pressure, the absence of 
any sharp change in the curve shows that a single cuff will be 
insufficient A second cuff A (Fig 2), placed proximal to 


101 




VISUAL MEASUREMENT OF BLOOD-PRESSURE D S Evans & K Mendtlssobn 


the first, the pressure in which is indicated by the aneroid 
manometer m„ is employed The role of B now becomes 
solely that of a detector of any blood-flow in the artery 
beneath it, and it is inflated to any convenient pressure below 
diastolic If A is now inflated to a pressure above systolic, 
B will record nothing As the pressure in A is allowed to 
fall to systolic, spurts of blood will begin to flow under A 
and will be detected by pulsations in B In the actual con- 
struction, the inflation-tubes and manometers for the two 
circuits are housed in the same box (Fig 3, 4), and the reading 
is made by releasing A by means of a second snap-action 
release-valve, R„ which is snapped shut, and the pressure 
read, at the instant when the light-spot starts to pulsate 
In Fig lea record of this is shown The trace re mains level 
until a pressure of about 132 mm is reached, at which point 
pulsations begin By this arrangement all the edge effects 
are confined to cuff A and thus excluded from the record, and a 
sharp and unambiguous criterion ofsystolic pressure is secured 

Some Criticisms Considered 

Our method of solving a medical problem by means of a 
simple physical model and its mathematical interpretation is 
admittedly unusual, and it is not surprising that it has met 
with criticism from medical men (Macintosh, Cowan, Heller 
& Plesch, 1943) mainly turning on the question as 
to whether it is possible to secure an adequate representation 
by a necessarily much simplified model, of so complex a 
system as an artery pulsating m living tissues The whole 
question is of fundamental importance and requires to be 
discussed in some detail, not only because of its importance 
for the problem of blood-pressure measurement, but also 
because of its bearing on the general problem of the applica- 
tion of physical methods to medical questions In the present 
case, the most fundamental objection which could be offered 
would be that the theoretical formulae cannot be expected 
to yield definite criteria of systolic and diastolic pressures 
Since the validity of these objections was discussed (Evans & 
Mendelssohn, 1943 1 ) on the basis of the visual observations, 
we have made photographic recordings by means of a 
sphygmoscope fitted with a camera 

Considering first the criterion for diastolic pressure 
(Fig 16) the photographic record shows a distinct sudden 
decrease m the amplitude of pulsations at about 90 mm of 
mercury, and this decrease was found to coincide with the 
value of diastolic pressure determined by the accepted 
auscultatory method This feature is present m all the 
recorded cases The decrease is usually of the order of 50%, 
and only m a small number of cases, particularly in children, 
does it fall below 30% Even m these, the diastolic criterion 
becomes unmistakable after a little experience 


Another question which has been raised w this connection 
is that of the accuracy with which the pressure-entena can 
be determined by this method Arguments of this kind 
however, usually ignore the fluctuation which the charac- 
teristic pressures continually undergo, particularly as a 
result of respiration We shall return to this point later 
at the moment it is only necessary to point out that our 
records show that the accuracy of measurement is deter- 
mined not by the method of observation but by the extent of 
these natural fluctuations We have, for instance, recorded 
cases (Fig 5) m which, after an initial fall m the amplitude 
of the pressure-pulsations a temporary rise occurred This 
is due to a shift of the value of diastolic pressure by a few mm 
to a higher value (evidently as the result of respiration) during 
the actual time of recording 

When we consider the pressure-pulsation curve (Fig 1 b) 
as a whole, we find that every single feature of our physical 
model appears confirmed Apart from the actual drop at 
diastolic pressure, the record shows how, well above systolic 
pressure, the artery begins to be opened at the upper end of 
the constriction at the peak of each pulse-cycle (edge-effect) 
Here the pulsations are intermittent, and this is shown by the 
length of the horizontal portions of the record between the 
individual peaks As the constraining pressure is lowered, the 
artery under the cuff remains closed for shorter and shorter 
periods, this being shown by the progressive decrease in the 
lengths of the horizontal portions of the record Finally, 
there comes a point when the artery is open throughout the 
whole of each pulse-cycle and this, by definition, is diastolic 
pressure The record shows that the disappearance of the 
horizontal portions coincides exactly with the fall in amplitude 
of the pulsations associated with diastolic pressure 

Theory and observation thus provide us with an inde- 
pendent confirmation of our criterion for diastolic pressure 
When the observation is earned out visually by the anaes- 
thetist, this change is clearly marked by an alteration in the 
character of the pulsations which, above diastolic, are jerky 
movements of the light-spot, and which change to unhindered 
smooth oscillations at the diastolic pressure At the same 
time there is a marked shift in the zero position (for which 
there are theoretical reasons of a more complex nature) and 
these two additional features greatly facilitate the deter- 
mination 

The records thus show that the simple physical model is 
confirmed by the observed behaviour of the artery to an 
astonishing degree, since it has to be remembered that the 
diastolic criterion was worked out theoretically even before 
the first recording-unit was built The same is true for the 
systolic criterion Claims have been made of observations of 
systolic pressure on the basis of a characteristic change in 


1 This communication also contains a list of references to previous work 

FIG 5 INFLUENCE OF RESPIRATION ON DIASTOLIC RECORD 



The record shows a temporary increase m 

amplitude of the pressure-pulsations, 

presumably due to the effect of respiration 

in causing a brief rise in diastolic P ress “ r ,® 1 
[Read from n*ht to Icit-J 
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the pulsations in a single cuff This may, at first sight, seem 
reasonable for, when the constraining pressure is lowered 
below systolic pressure, blood will begin to flow underneath 
the cuff However, it must be remembered that this change 
is bound to be a gradual one because of the limited size of the 
cuff In fact, the pressure which it exerts on the limb is 
non uniform, and pressure pulsations will begin to be 
observed as soon as the pressure exerted anywhere on the 
hmb-section falls below systolic 


This pomt is well illustrated by our record (Fig Ic), which 
shows no discontinuity at systolic pressure As is to be 
expected, the rate of mcrease of the amplitude of pulsations 
is slightly accentuated in the neighbourhood of systolic 
pressure, but this is definitely an effect of the second order 
which is quite unsuitable as a criterion for determination 
Even so, instruments attempting to make use of this as a 
criterion have been designed (cf Plesch, 1930) This is, of 
course, the reason for our use of two cuffs Record 1 c shows 


FIG 6 INFLUENCE OF RESPIRATION ON SYSTOLIC RECORD 



After the initial pulsations there is a slight decrease in amplitude [Rood rom right to left.] 


The dominant feature of the situation is that the edge- 
pressure exerted is less than the central pressure, and this 
leads to the phenomenon of the edge-effect already described 
As the cuff-pressure is lowered, the edge-effects penetrate 
further and further centrally, until, when the central pressure 
exerted by the cuff falls to systolic, the whole arterial section 
begins to open at each pressure-peak This transition is 
gradual and, for practical purposes, there is no sharp criterion 
to indicate the pomt at which the edge-effects merge mto a 
true pulsation of the whole section of artery beneath the cuff 


how unambiguous a criterion is obtained with our method, 
the result being found to be comcident with simultaneous 
auscultatory determinations 

Another interesting question is that of possible dynamical 
effects (Macintosh et al , 1943), which have been completely 
neglected in our theory, the pressure pulsations being 
computed solely from the static volume-changes in the artery 
and cuff Thus, when systolic pressure is being determined, 
me first blood passing beneath the constraining cuff will be 
expected to produce only a rise in the volume of the artery 


FIG 7 RECORDS SHOWING FLUCTUATIONS OF SYSTOLIC PRESSURE WITH RESPIRATION 

(°) 



For all records the pressure in the recording cuff (B in Fig 2] was maintained at 80 mm Hg while that in the constraining cuff [A in Hg 2] 
naa the constant values for the 3 different records of (o) 128 mm (fa) 1 18 mm (c) 108 mm The amplitude of pulsations varies with the 

respiratory cycle jReid from right to left-j 
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beneath the detecting cuff Again the record (Fig Ic) provides 
a full confirmation of our theory The first pressure-pulsations 
do not show a pressure-wave but a mere stepwise rise of the 
arterial volume, demonstrating that, as we anticipated, static 
volume-changes are the only ones producing first-order 
effects 


Natural and Induced Fluctuations 

The determination of systolic pressure (Fig lc) also serves 
to emphasize the occurrence of natural fluctuations of the 
characteristic pressures already mentioned in connection 
with the determination of diastolic pressures The straight 
line m the record, above pressures of 130 mm , shows that 
in this pressure-range the artery is completely occluded 
throughout the pulse-cycle However, if the value of systolic 
pressure varies with the respiratory cycle, the sharp onset of 
pulsations should occur at different pressures depending on 
the phase of the respiratory cycle We have often observed 
that after pulsations have started they may decrease again, 
as in Fig 6 This is due to the fact that after the first pulsa- 
tions were recorded the systolic pressure decreased 

The question arises as to whether this decrease is due to 
natural fluctuations in systolic pressure, or whether it is due 
to possible changes in the characteristic pressures caused by 
the measurement of blood-pressure itself A decision in 
favour of the former alternative could be made by experiment 
Fig 7 shows three pulsation-records in which the pressure 
in the recording cuff was kept at 80 mm while that in the 
constraining cuff had the constant values (a) 128 mm, 
(6) 118 mm , (c) 108 mm As will be seen, pulsations occur 
in all three records, but their size varies periodically, the 
period of variation being that of the respiratory cycle 
In (a) and ( b ) the pulsations occur intermittently in groups 
separated by straight lines In (c) the pulsations occur 
throughout, which means that there was no phase of the 
respiratoiy cycle in which systolic pressure fell below the 
cuff-pressure of 108 mm 

The experiment shows that m this case the systolic pressure 
certainly varied from values above 128 to values below 118, 
and that these variations are due to respiration, m this case 
rather deep The variations between the individual pulse- 
waves in record (a) were artificially produced by varying the 
depth of the individual inspirations Thus, in the present 
case (healthy male, aged 37) any determination of systolic 
pressure to more than 10 mm accuracy would be arbitrary 
The effect varies very much between individuals and with the 
depth of respiration, but our records tend to show that 
reliance on “ accurate ” blood-pressure determinations, 
especially, for example, as a criterion of physical fitness, is 
open to criticism 

In the case of the anaesthetized patient, observation of 
these variations may yield additional information as to the 
state of the patient This can easily be done with the 
sphygmoscope described above the constraining cuff being 
set at pressures which, for example, just leave the maximum 
pulsation m each cycle, or which just leave all the pulsations 
throughout the cycle In such cases it is clear that variations 
m blood-pressure will accompany the administration of 
anaesthesia both because of the effect of the anaesthetic on 
the vascular system, and because of its effect on the respira- 
tory system It is hoped that the instrument will help those 
anaesthetists who are interested in these problems 



The only feature of 
our observations which 
does not completely co- 
incide with the mathe- 
matical theory is that of 
pressure-dependent 
coupling of cuff and 
tissue, an effect which 
was not foreseen, either 
by ourselves or by our 
critics If this effect 
were not present, pulsa- 
tions should still occur at 
zero cuff-pressure, 
and this is not the case 
According to the theory 
there should be a linear 
dependence between the 
size of pulsations and 
the cuff-pressure below 
diastolic, and all our 
records show that, with- 
in the limits of accuracy, 
the actual relation is 
linear This shows that, 
fortunately, the neglected 
coupling-effect must 
also depend linearly on 
the cuff-pressure' 
Changes m the size of 
pulsations observed at 
cuff-pressures below 
diastolic will therefore 


FIG 8 

EFFECT OF 
INSPIRATORY 
BREATH-HOLDING 
ON 

PULSE-PRESSURE 


The record becomes prac- 
tically horizontal, indi- 
cating that the subject’s 
systolic pressure has fallen 
far below the cuff-pressure 
of 80 mm Hg On release 
of the breath, there are 
changes during gasping, 
fallowed by resumption of 
normal rhythm 
[Read from rijhc to left! 


llelt] 
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remain an indication of changes in pulse pressure as 
originally postulated 

Examples of artificially produced changes in pulse- 
pressure are shown in Fig 8, which is a record taken on the 
arm with a cuff-pressure of SO mm First, the vanauon of 
pulse-pressure with respiration can be clearly seen Then 
the subject (healthy male, aged 27) inhaled and began to hold 
his breath After a time the record becomes practically 
horizontal, indicating that the subject had forced his systolic 
pressure below the cuff-pressure On release of the breath, 
changes during gasping can be seen, and the normal rhythm 
then re-establishes itself It is of interest to note that the 
lower record, which is a repetition of this experiment, is an 
almost exact duplicate of the first 
Other information of clinical value can be obtained from 


Our own problem was somewhat different The application 
of physics to clinical medical problems does not allow any 
simplification of the experimental conditions, such as is used 
by the physiologist In consequence, therefore, any sim- 
plification must be introduced in the method adopted for 
investigation The present account shows that this can be 
done with some degree of success, provided that a correct 
choice is made of the parameters sure to yield first-order 
effects One cannot help feeling that in many cases where 
physical methods could be applied to medical problems, the 
real difficulty lies, not with the physical or mathematical 
methods, but in the recognition and selection of the important 
parameters 

Acknowledgments — Our thanks are due to Dr F Barnett 
Mallinson for his constant help and advice in the development 



o Pulse-curve of a healthy adult, b Systolic record of a healthy child aged 5 (irregularities due to muscular movements) 
c Diastolic record of an adult with heart disease [Ri t ht to lelt-J 


fal the ° i P u ^ se ' c urve The three records, Fig 9, show 
of a ch^rf e ^J UrVe a norma ' adult, (b) the systolic record 
from heart un bf dxast0 ^ lc record of a patient suffering 

Conclusion 

recall results of this discussion of the photographic 
lmnK ow that it is possible, within astonishingly wide 
to ma’tKo , ^e °f a simple physical model amenable 
comnw treatment, for the elucidation of somewhat 

certain vt ^conditions The medical man, and, to a 
Withrow 60 ’ j e Physiologist, are accustomed to dealing 
as to mat determmed by so large a number of parameters 
ohvsmw, C , a , sun P* e analysis impossible Nevertheless the 
Physics m a laVe succee ded, by the use of the methods of 
’ envmg much information of a detailed nature 
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THE NATURE OF MENINGITIS 
FOLLOWING SPINAL ANAESTHESIA 
AND ITS PREVENTION 
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Bacteriologist to St Bartholomew's Hospital 
Professor of Bacteriology in the University of London 

Accidental infections produced by diagnostic or therapeutic 
proceedings are of much more frequent occurrence than the 
number of reported cases would suggest There is a natural 
reluctance to publish anything which may appear discreditable, 
and unless investigation has revealed a previously unrecog- 
nized source of infection, there may be httle object m doing 
so It is therefore probable that meningitis following spmal 
anaesthesia has been far commoner than the literature of the 
subject would suggest There are nevertheless fairly numerous 
records of it, some of which put forward an explanation on 
which subsequent findings have cast serious doubts 

So-called Aseptic or Chemical Meningitis 

It has been assumed that the inflammatory changes 
produced in the spinal meninges are simply the result of 
chemical irritation by the anaesthetic The principal paper 
m which this explanation is accepted is that of Livingstone, 
Wellman, Clark & Lambros (1943) who describe 2 personal 
cases and review those of six other authors , these comprise 
8 cases with 3 deaths It is a noteworthy fact that although 
the meningitis m some of these cases was frankly purulent — 
the cerebrospinal fluid cell-count in one of the patients 
studied by Livingstone and his colleagues was 9,600 per 
mm 3 — in no single instance was any micro-organism 
cultivated from the fluid Details of the aseptic technique 
employed are not described it is therefore not possible to 
decide whether bacterial contamination could have occurred 
m ways to be considered later A single similar occurrence 
is described by Nunziata, Castellucio & Peralta (1944) , 
a purulent meningitis followed spmal anaesthesia, and 
although no micro-organism could be found in the cerebro- 
spinal fluid, the treatment adopted was the intrathecal 
injection of soluble sulphapyridine A paraplegia resulted 
and the patient died This complication was, of course, a 
true example of chemical damage to the cord 
The supposition that spinal anaesthetics m concentrations 
used clinically will produce acute inflammatory changes m 
the meninges is unsupported by experimental evidence 
T his hypothesis also fails to account for variation of their 
effect m different individuals , why should only a very small 
proportion of patients react m this way to the same stimulus 9 

The Sheffield Series . Incrimination of “Sterile ” Water 
It was reported by Bame (1941) that during a certain 
period at the Royal Hospital, Sheffield, 11 out of 96 patients 
who were given a spmal anaesthetic m one operating-theatre 
developed a meningitis subsequently The cell-count m the 
cerebrospinal fluid varied from 9 to 1,100 per mm 3 , no 


bacteria were found in these fluids, except that a culture from 
one of them contained 3 colomes of a Gram-negative bacillus 
which at the time was disregarded One of these cases was 
fatal The lumbar-puncture needles used were sterilized in 
formaldehyde vapour, and rmsed before use m water supposed 
to have been sterilized by filtration This came from a 
Berkefeld filter fed directly from the roof-tank, and a non- 
saccharolytic Gram-negative bacillus similar to that cultivated 
from one of the cerebrospinal fluids was cultivated from not 
only the inflow but the outflow of this filter When the use 
of this water was stopped, no further cases of meningitis 
occurred 

A further investigation at Sheffield prompted by this 
incident was undertaken by Smith & Smith (1941) By 
cultivating a large inoculum (4 to 15 drops) of cerebrospinal 
fluid in peptone-water at room-temperature, they showed 
that 89 (40%) of 223 specimens of cerebrospinal fluid con- 
tamed living bactena these specimens were almost all from 
patients not suffering from meningitis, and should have 
been sterile Cultivation of 154 of these specimens by usual 
methods at 37° C revealed contamination m only 15 (9 7%) 
Most of the positive cultures contained Gram-negative 
bacilli, some being Ps fluorescens and others unidentified 

The meaning of these observations is that, for lumbar 
puncture by the methods then employed, apparatus was being 
used which was contaminated, probably by non-stenle water 
The organisms found were mainly common water-bacteria, 
non-pathogemc m the ordinary sense, whose optimum- 
growth temperature is below that of the body hence 
cultivation at a lower temperature more frequently reveals 
their presence This conclusion was supported by two 
further observations of 10 specimens of cerebrospinal fluid 
collected with adequate aseptic precautions, using needles 
sterilized by heat, only 1 yielded growth m culture (a diph- 
theroid bacillus doubtless from the skin) Secondly, “ stenle ” 
water from 4 different hospitals was found frequently to 
contain living bactena, especially if the bottle had been in 
use before being sampled 

The contamination of syringes and other instruments 
with nondescript Gram-negative bacilli by rinsing them m 
water of this kind must have been observed by many, 
although its particular danger in connection with spmal 
anaesthesia and lumbar puncture generally was fully recog- 
nized only after the publication of the Sheffield study 

I recollect an occasion some twenty years ago when three 
patients in one ward were reported to be suffering from 
septicaemia due to “ B faecahs alkaligenes ” , this name 
had been given to the organisms cultivated from the blood 
for the inadequate reason that they were motile Gram- 
negative bacilli not fermenting any sugars The syringes 
used for all these blood-cultures proved to have been taken 
from an antiseptic solution and rmsed in distilled water 
which was not even alleged to be stenle the same organism 
was readily cultivated from this water More recently I have 
examined specimens of cerebrospinal fluid from a number o 
cases of meningitis following lumbar puncture, and hnve 
cultivated unidentified Gram-negative bacilli from several o 
them Rinsing in supposedly-stenle distilled water of the 
needle used, or of the manometer attached to it, was regarded 
as the source of contamination m these cases In the hospital 
in which I was then working, and m which these cases 
occurred, 30 out of 42 specimens of cerebrospinal fluid 
collected at this time gave growth when 0 5 cm 3 of fluid was 
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cultivated in peptone-water at room-temperature— a higher 
proportion than in the specimens examined by Smith & Smith 

Meningitis due to Water Bacteria Nature and Diagnosis 

These water-bactena are entirely non-pathogemc in the 
ordinary sense, and some of them appear to be mcapable of 
growth, at least under some in vitro conditions, at body- 
temperature , how, then, is it possible that they should 
cause a severe and even fatal purulent meningitis , This 
question cannot be answered fully without further study, 
but the following facts may have a bearing on it 

In the first place, every experimentalist knows that the 
intrathecal route of inoculation is the most sensitive test of 
pathogenicity, and cluneal expenence shows abundantly 
that accidental infection has graver consequences in the 
central nervous system than in any other part of the body 
It may logically be concluded that bacterial contamination 
which would readily be overcome in other organs or tissues 
can have a devastating effect in this situation 

Secondly — although this is m part conjecture — cerebro- 
spinal fluid is hkely to be an admirable medium for the 
growth of bacteria accustomed to a fluid habitat containing 
a low concentration of nutrients _ Such an orgamsm intro- 
duced mto the spinal canal might multiply extensively within 
a few hours, its active motility aiding widespread dissemina- 
tion If sufficient numbers are introduced, as may occur 
when any fluid is injected mto the spinal canal, it is possible 
that their presence might excite an inflammatory reaction 
without further multiplication Assuming that reported 
cases of aseptic meningitis have been of this nature, there are 
thus three possible explanations for the sterility of the cultures 
made (i) that the organisms are mcapable of growth under 
any conditions at 37° C and have not, in fact, multiplied in 
the spinal canal at all , (u) that they have multiplied but have 
been destroyed by phagocytosis , (ui) that they are capable 
of growth in cerebrospinal fluid at body-temperature, but 
not, at that temperature, in the culture-medium used 

Only further study of the combined nutritional and tem- 
perature requirements of strains of Gram-negative bacilli 
isolated from cases of this type of meningitis can finally 
elucidate this question That some of them will grow m 
ordinary culture at 37° C is shown by one of Bame’s cases 
and several m my own experience 

The examination of cerebrospinal fluid from cases of 
meningitis suspected to be of this nature should include 
study of films of the deposit stained with Sandiford’s (1938) 
stain 1 Gram negative organisms are thus much more 
readily distinguished than in preparations m which they are 
of the same colour as the background Cultures should be 
made not only on blood-agar, incubated at 37° C , but on 
plain agar and m peptone-water, to be incubated at 25° C 
or merely kept at room-temperature 

Other Sources of Contamination 

As has recently been pomted out by Evans (1946), there 
are several possible sources of contamination when menin- 
gitis follows the administration of a spinal anaesthetic 
They mclude the anaesthetic solution itself (although this 
has never been directly menmmated), the instruments used, 

1 [Sandiford s counter stain is made up as follows malachite green 0 05 g 
pyrorune 0 15 g distilled water to 100 wm ' Apply for 2 minutes flood off with 
water (but do not wash) and blot Cells and nuclei stain bluish green Gram- 
pcsiuve organisms are purple-black Gram negative organisms red The stain 
keeps for about a month — Ed ] 


the hands of the operator, and the skin of the patient Evans 
(1945) himself has reported 2 fatal cases of meningitis due 
to Ps pyocyanea following spinal anaesthesia in which the 
source was not traced The syringe and needle used had been 
kept in spirit and were rinsed in sterile saline this saline 
was believed to be above reproach, but “ Ps pyocyanea had 
recently been much in evidence in the hospital ” and had been 
found in a specimen of cerebrospinal fluid from a patient 
without meningitis, this contamination being traced to 
“ sterile ” distilled water kept in a Winchester-quart bottle 5 

Contamination from the skin, whether of patient or 
operator, is a hkely cause of staphylococcal meningitis , 
such a case is reported by Worth (1945), m which the primary 
lesion was an mterspinous abscess following diagnostic 
lumbar puncture Another possible source of contamination 
was reported by Hewer & Garrod (1942) , ampoules of 
spinal anaesthetic solution which formerly had their descrip- 
tion etched on the glass were supplied during the war with 
paper labels These ampoules had been immersed in spirit 
to sterilize their outer surface and subsequently placed m 
sterile water in which the label came off Bacteriological 
study showed that immersion m spirit does not sterilize a 
gummed label , the water in which this was soaked off 
consequently became heavily contaminated Alternative 
methods suggested to avoid this nsk were sterilization by 
formaldehyde vapour, or the omission of any attempt to 
sterilize the whole outer surface, the ampoule being held 
in a sterile towel and the neck etherized before opening 

Recommended Aseptic Technique 

The induction of spinal anaesthesia is an operation which 
calls for full aseptic technique The operator should wear 
gloves, gown and mask, and particular care should be given 
to the disinfection of the patient’s skin Evans (1946), who 
fully describes these and other precautions, recommends 
that the needle and syringe used should be boiled In this 
connection reference should be made to the recent Medical 
Research Council (1945) memorandum on the sterilization of 
syringes 3 From experiments described here it is clear that 
no chemical method of sterilizing syringes is satisfactory 
Spirit, m particular, fails to disinfect the crevices in the 
interior of a syringe, especially of the Record (glass and 
metal) type 

In view of these findings it would be rash to trust disin- 
fection m spmt for lumbar-puncture needles Disinfection 
by heat of all apparatus used m connection with lumbar 
puncture for any purpose is therefore strongly advisable 
Boiling is a reasonably safe method but, as is pomted out 
in the memorandum, the ideal method Is enclosure m a tube 
and sterilization by dry heat at 160° C for 1 hour The 
only disadvantage of this method is that the cement of some 
metal-and-glass syringes melts below this temperature , 
all-glass syringes are therefore necessary If these 
are used, the syringe, needle, and the manometer used in 
diagnostic lumbar puncture, can be encased and sterilized 
by dry heat, and thus kept ready for use at any time This 
is the ideal method of sterilization, and should be much 
more widely used for this and a number of other purposes 
It has the incidental advantage in connection with diagnostic 
lumbar puncture that the fluid is obtained m the pure state, 

* [A Winchester quart is approximateb 2 25 I — E d i 

' [Sec B\{B 77^/158 for a review of this ireraorandan — Eo ] 
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unmixed with anything else Apparatus wet with water or 
saline may completely falsify the results of chloride 
estimation 

The practice of placing sterile instruments ready for use 
in bowls of water, or of using such water to wash them free 
of a disinfectant, has be$n shown to involve serious risks 
Water or saline can be depended on to be sterile only if it 
has been autoclaved in a closed vessel with a protected rim, 
which is opened immediately before use After one such 
use the remainder should be discarded The quite prevalent 
idea that water is necessarily sterile because it has been 
distilled is entirely untrue , tap-water, filtered water, and 
any water, even previously sterile, which has been exposed to 
contamination, are all unsuitable as agents in an aseptic 
technique The existence of bacteria which can survive, and 
apparently even multiply, in such fluids deserves much wider 
recognition The elimination of such water from surgical 
use of other kinds would be a step in the right direction. 

It seems at least probable, although admittedly it cannot 
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be proved, that contamination with water-bacteria has been 
the cause of most cases of “ aseptic ” meningitis following 
spinal anaesthesia In the absence of any other reasonable 
explanation, this hypothesis deserves at least the fullest 
investigation in connection with any cases which may occur 
hereafter 

Summary 

1 There is good evidence for believing that many cases of 
“ aseptic ” meningitis following spinal anaesthesia are due 
to infection of the spinal canal by Gram-negative bacilli of 
types found in water used for rinsing syringes and needles 
The presence of such bacteria is not necessarily detected by 
ordinary methods of cerebrospinal-fluid examination 

2 All apparatus used for lumbar puncture for any purpose 
should be sterilized by heat, preferably dry heat 

3 Water used Kir surgical purposes and believed to be 
sterile is frequently not so The use of such fluids, unless 
from a freshly-opened vessel which has been autoclaved, is 
to be condemned 

Medical Research Council (1945) War memorandum No 15 
The sterilization, use and care of syringes, London 
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TRICHLORETHYLENE AS AN 
ANAESTHETIC AGENT 

C LANGTON HEWER, MB, B S , DA 

Senior Anaesthetist, St Bartholomew's Hospital 

Historical 

Tnchlorethylene was introduced as a general anaesthetic m 
a somewhat unusual manner In 1939, the secretary of the 
jomt Anaesthetics Committee of the Medical Research 
Council and the Royal Society of Medicine was approached 
by a chemist, Mr Chalmers, of Muswell Hill, who stated 
that tnchlorethylene appeared to be an excellent general 
anaesthetic and suggested that it might be used by anaes- 
thetists This he did as the result of experiments with the 
drug which he had made upon himself 
On looking into the matter, the Committee found that the 
only published work on the use of tnchlorethylene in human 
anaesthesia was a paper by Strieker, Goldblatt, Warm & 
Jackson (1935) in America, describing a senes of 300 short 
administrations for minor operations The results were 
inconclusive as m the following year (1936) the Council on 
Pharmacy and Chemistry of the American Medical Associa- 
tion considered that “ the case had not been completely 
made out ” for the usefulness of the drug 

In these circumstances, it was considered worth while to 
investigate the effects of tnchlorethylene fully with a view to 
finding out whether it had any place in anaesthesia, and the 
writer was asked to carry out this work The investigation was 


done m the department of anaesthesia of St Bartholomew’s 
Hospital, and the results were embodied m three papers 
(Hewer, 1941 , 1942 , 1943) 

Since then the use of the drug has spread rapidly, and it is 
now generally recognized to have a definite place in anaes- 
thesia m spite of certain disadvantages which will be referred 
to later 

Chemical and Physical Properties 

Tnchlorethylene has the chemical formula CC1 3 CHC1 
and is a colourless liquid with a specific gravity of 1 47, a 
vapour density of 4 53, and a boiling point of 87° C It is 
not inflammable, and its vapour will not explode when mixed 
m any proportion with air 

The liquid has an odour resembling that of chloroform but 
without its pungency It is practically insoluble in water, 
but will mix with any proportion of ether Commercial 
tnchlorethylene is used for such purposes as the dry-cleaning 
of clothes and the degreasing of metals, but this grade must 
not be used for anaesthesia as various impurities can give 
rise to toxic symptoms such as vomiting, vertigo, optic 
neuritis, and nerve palsies A specially purified preparation 
known as “ Tnlene ” has been marketed in Great Britain tor 
inhalation anaesthesia This is stabilized by the addition ol 
0 01 % thymol and coloured blue for easy identification 

Effects of Inhalation of Tnchlorethylene 
The first stage of anaesthesia is characterized by a marked 
degree of analgesia which renders the drug very useful for 
much minor surgery, painful dressings, dental drilling an 
other procedures where surgical anaesthesia is unnecessary 
or undesirable Tnchlorethylene analgesia is also tending 
to replace nitrous-oxide-and-air m midwifery in many parts 
of Britain 
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The first plane of die third stage of anaesthesia is marked 
by shallow 1 slow respiration with the patient a normal 
colour, and with blood-pressure and pulse-rate within the 
usual limits Muscular relaxation is variable , but if it is 
insufficient for the operation m hand, no attempt should be 
made to deepen anaesthesia with tnchlorethylene but a 
change to ether should be made temporarily, or, alternatively, 
relaxation can be obtained by other means, such as nerve- 
blocking or the intra\ enous injection of pentothal 
sodium or curare 2 

If the narcosis is pushed to the deeper planes of the third 
stage, the respiration-rate will rise, the tidal exchange will 
fall, and the patients condition will rapidly deteriorate 
Tachypnoea should always be regarded as a sign of over- 
dosage with tnchlorethylene 

Irregularities of the pulse are common as with all inhalation 
anaesthetics Recent work with the electrocardiograph 
(Barnes <£. Ives, 1944) shows a great variety of changes from 
the normal rhythm It seems probable that most of these 
are of little clinical importance, except possibly multifocal 
ventricular tachycardia which, in the case of chloroform, can 
precede ventricular fibrillation This type of arrhythmia has 
been recorded m about 10% of cases anaesthetized either 
with tnchlorethylene or with cyclopropane, but primary 
cardiac failure is fortunately extremely rare with either of 
these drugs 

Methods of Administration 

Since tnchlorethylene has a relatively low volatility, the 
open-mask method of administration is unsatisfactory, as the 
gauze would soon become saturated 


FIG I TRICHLORETHYLENE AUTO-ANALGESIA 



Hill s apparatus for self administered tnchlorethylene The 
apparatus is shown in the position used for dental analgesia 


FIG 2 . INHALER FOR FULL ANAESTHESIA WITH 
TRICHLORETHYLENE 



1 Draw-over ’ inhaler for use with tnchlorethylene (TCE) when 
full surgical anaesthesia is required If necessary ether may be 
added by adjusting the tap of the second bottle 

If general analgesia only is required, self-administration 
can be taught to a patient quite easily, using a simple 
“ draw-over ” apparatus such as Freedman’s An air-hole 
closed by the patient’s finger is used, as in Minmtt’s gas-air 
analgesia apparatus This apparatus has proved very satis- 
factory m midwifery 

For analgesia during dentistry (eg painful drilling) a 
blow-through apparatus such as that of Hill (1944) is more 
reliable, owing to the difficulty of obtaining a perfectly air- 
tight fit for the nose-piece The patient squeezes a rubber 
hand-bulb which supphes a weak vapour to the nose as 
required (Fig 1) 

In order to secure full anaesthesia with tnchlorethylene and 
air, an inhaler such as Marrett’s is quite satisfactory The 
vapour concentration is adjustable, and a second bottle 
enables deep narcosis to be secured with ether if necessary 
(Fig 2) 

Should a gas-and-oxygen apparatus be available, tnchlor- 
ethylene can be placed in the chloroform bottle and used as 
an adjuvant to mtrous-oxide-and-oxygen The amount 
necessary is extremely small, averaging only a few minims 1 per 
hour When narcosis has been in progress for some tune, the 
tnchlorethylene can often be turned off altogether for con- 
siderable penods This form of anaesthesia is most useful 
for the many operations in which complete muscular relaxa- 
tion is unnecessary but no attempt should be made to “ push ” 
tnchlorethylene or tachypnoea and other signs of overdosage 
will appear 

The total rebreathing technique with CO- absorption by 
soda-lime is not suitable for use with tnchlorethylene as 
in certain circumstances a chemical reaction can occur 
which may cause the formation of toxic products (Carden, 
1944) 

After-effects 

Post-anaesthetic nausea and vomiting are definitely less 
than after ether narcosis, and patients who have expenenced 
each usually volunteer the statement that they prefer 
tnchlorethylene 

1 [See B MB 817 a report of an experimental msestisatioa on the cause of th.j 
shallowness of respiration. — E d ] 

* l Sec B \(B 824 — Ed ] 

* l minim « 0 06 ml 
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Pulmonary complications can occur after any operation 
performed under any type of anaesthesia or analgesia, and 
their etiology is far from simple It would appear, however, 
that dilute tnchlorethylene vapour causes practically no 
irritation to the respiratory passages and does not stimulate 
the production of saliva and mucus to anything like the same 
degree as ether 

Up to date, only one case of liver-damage has been reported 
from the use of tnchlorethylene 

Acknowledgment —Fig 1 is reproduced from Hill (1944) by 
permission of Dr Basil Hill , Fig 2 is reproduced from Hewer 
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Conclusions 

From the foregoing remarks it will be seen that purified 
tnchlorethylene has been shown to be an excellent inhalant 
drug for producing general analgesia It is also useful for 
light general anaesthesia, preferably given with mtrous-oxide- 
and-oxygen, especially if an ignition risk is present Tnchlor- 
ethylene should not be used to produce profound narcosis 
and should not be given in a closed-circuit apparatus with 
soda-lime 
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CURARE 

C LANGTON HEWER, M B , B S., D A 

Senior Anaesthetist, St Bartholomew's Hospital 

Historical 

In the sixteenth century, explorers of South America, such 
as Magellan, discovered that some of the natives of the 
Orinoco region were preparing a decoction from certain 
plants and were smearing it on the arrow-heads which they 
used for shooting big game An animal hit by such a poisoned 
arrow usually became paralyzed almost immediately 
In 1800, von Humboldt found that the arrow poison was 
made from a particular type of creeper which was named 
later Strychnos toxifera 

Some sixty years later, Claude Bernard (1865) and others 
showed that the active principles of the poison were con- 
tained in a group of alkaloids which were collectively called 
“ curare ” 

Research into the exact effects of curare on the human body 
was held up for a long time owing to various toxic effects, 
such as bronchospasm, which are now known to be due to 
other substances in the crude curare Even so, some success 
was obtained (Cole, 1934) in treating tetanic spasms by this 
agent 

In 1935, H King, of the National Institute for Medical 
Research, London, succeeded in isolating the pure alkaloid 
which was called ef-tubocurarine chloride From this moment, 
knowledge of the action of the drug increased rapidly and it 
quickly came into use as a therapeutic agent 
It was soon found that pure curare could be used to 
minimize the risk of trauma during electro-convulsive 
therapy in mental patients If the drug is injected intra- 
venously just before the current is switched on, the resulting 
convulsion is greatly “ softened ” and fractures and disloca- 
tions are much less likely to occur 
In Canada, intravenous curare was first employed as a 
muscle relaxant during light anaesthesia by Griffith & 


Johnson (1944), and this proved so successful that its use has 
spread rapidly 

Action 

It is probable that the mam action of pure curare is to 
neutralize the acetylcholine mechanism of transmission of 
nerve impulses at the myoneural junction Thus the volun- 
tary muscles are paralyzed, the diaphragm being affected last 
For all practical purposes, the effect of injecting curare 
can be regarded as giving the patient a transient attack of 
myasthenia gravis and the existence of this disease appears 
to be the chief absolute contra-indication to the method 
The antidote for overdosage is the same as the drug used 
m the treatment of myasthenia gravis, viz prostigmine 
Curare causes temporary loss of tone and peristaltic 
activity of the smooth muscle of the intestine (Gross & Cullen, 
1945), but has little effect on the stomach 
In normal dosage, curare has practically no effect on the 
central nervous system, so that it is neither an anaesthetic nor 
an analgesic When injected intravenously into a lightly 
anaesthetized patient, complete muscular relaxation occurs 
wthin a minute or so with no appreciable fall in blood- 
pressure This has hitherto proved impossible by any other 
means and must be regarded as a great advance in anaes- 
thesia It would seem that curate provides all the advan- 
tages of a high spinal block (relaxed, silent abdomen, etc), 
without the disadvantages and dangers (fail of blood- 
pressure, contracted intestines, secjtielae, etc ) It is a curious 
fact that visceral traction, etc , In a cilranzed patient does 
not produce the falls in blood-pressure that one would expec 
m a lightly narcotized subject unprotected by splanchnic 
block It would appear that some of our ctnxent -views °n 
the production of traumatic shock may have to be modine 
as the result of this observation 
Bronchbspasm is rare, but has been reported, while! 
overdosage will produce diaphragmatic paralysis, n tm 
occurs, gaseous exchange must be maintained by means 
controlled respiration until natural breathing is resume 
Elimination of curare takes place fairly quickly, P £ f tJy , 
destruction in the liver and partly by being excreted unenang 
by the kidneys 

Preparations and Dosage 

At the present time there are two preparations of ’ 
curare on the market and unfortunately they dttter 

potency 


no 



CONTROLLED RESPIRATION ANAESTHESIA H J I Morion 


“ Intocostrin ” (Squibb) is put up in bottles of 5 cm 3 and 
10 cm 3 and consists of a sterde solution of 20 mg of “ curare 
extract” per cm 3 with 0 5% chlorbutanol added as a 
preservative The initial intravenous dose to a lightly 
anaesthetized adult is from 2 5-3 cm * of intocostrin This is 
normally given before the peritoneum is opened and may 
suffice for the entire operation For long procedures, however, 
such as gastrectomy, an additional 1 5-2 cm * may have to 
be given just prior to closing the abdomen if muscular 
relaxation has become inadequate Intocostrin is a purified 
extract from the plant Chondodendion tomentosum 
The second preparation is known as “ curanne chloride ” 
(Burroughs Wellcome) and is put up m 100 mg glass 
ampoules as a powder This product is claimed to be iden- 
tical with the d-tubocuranne chloride originally isolated by 
King It is considerably more potent than intocostrin and 
25-30 mg is usually an ample total dose 
The anaesthetics committee of the Medical Research 
Council and the Royal Society of Medicine are endeavouring 
to bring about standardization in potency of all curare 
preparations, but in the meantime it is essential to realize the 
difference which at present exists 

Administration 

Up to now, the mam indication for the administration 
of curare in surgery has been for major abdominal operations 
m ‘ difficult ” subjects Many muscular or short-necked, 
plethoric and emphysematous patients cannot be mam- 
tamed in a state of complete muscular relaxation without 
large doses of general anaesthetics or the addition of various 
types of nerve- or field-blocking or spinal analgesia All 
these methods have their disadvantages whereas a smgle 
intravenous injection of curare will produce complete relaxa- 
tion within two minutes m the most recalcitrant subject, 
without unpleasant side actions 
The actual technique used by the writer is to mduce 
anaesthesia by an ordinary method such as pentothal sodium, 
followed either by cyclopropane or by nitrous oxide-oxygen 


with minimal tnchlorethylene Nasal intubation is then 
performed and, when endotracheal anaesthesia is progressing 
smoothly, the patient is transferred to the operating table 
with the arms outstretched upon a double arm splmt In 
right-handed patients, an intravenous dnp-salme is set up 
for the left arm while the blood-pressure cuff and stethoscope 
are attached to the right one By this time the surgeon 
should be ready to open the pentoneal cavity and since the 
general narcosis is being maintained at the lightest possible 
level, it is almost certain that the muscles of the abdomen 
will be rigid The initial dose of curare, as discussed above, 
is now injected from a syringe into the tubing of the intra- 
venous drip as near to the needle as possible, the tube being 
pmched proximally during the actual injection Within two 
minutes a dramatic change should have occurred, the 
abdominal wall becoming as slack and flaccid as during a 
high spmal block This state should persist for the intra- 
abdominal part of the operation, a second smaller dose 
being sometimes needed for closure The general anaesthetic 
should not, as a rule, be ether, as this in itself has a curanform 
action so that less of the drug can be used and the results 
are not so good An extremely light plane of narcosis can 
be maintained, but care must be taken that the patient 
does not actually become conscious or he may feel pain 
Endotracheal anaesthesia is recommended as, if broncho- 
spasm should occur or diaphragmatic paralysis result from 
overdosage, the situation is readily controlled Although 
prostigmine is the physiological antidote to curare, it should 
be rarely necessary, as the respiratory exchange can be mam- 
tamed easily with any modem gas-oxygen apparatus should 
apnoea occur temporarily 

Sequelae are conspicuous by their absence and the only 
after-effects attributable to curare which have occurred m 
the writer’s practice are occasional complaints of difficulty 
in opening the eyes, which may persist for a few days This 
is, of course, also a symptom of myasthenia gravis 

In conclusion, it would appear that curare is likely to prove 
a notable advance for achieving perfect muscular relaxation 
during light anaesthesia 
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CONTROLLED - RESPIRATION 
ANAESTHESIA 

H J V MORTON, M D , D A 

inaesthetut, Hillingdon County Hospital, Middlesex 

Controlled respiration “ involves the consideration of apnoea 
and artificial respiraUon by rhythmic pressure on the breathing 
bag Actually it means that the anaesthetist deliberately 
takes the function of pulmonary respiration from the paUent 
into his own hands ” (Guedel, 1940) In accordance with 
the fundamental concepts of the physiology of respiration, 
apnoea during anaesthesia will occur when the carbon- 
dioxide tension m the blood is insufficient to stimulate the 


respiratory centre This results when the carbon dioxide 
tension is lowered by artificial hyperventilation, or when the 
respiratory centre is sufficiently depressed by narcotics or 
anaesthetic drugs, e g opiates, short-acting barbiturates, 
cyclopropane, or by a combination of these causes Con- 
trolled respiration, which implies the occurrence of apnoea 
in accordance with these principles, has been developed m 
recent years mainly as a solution to two problems in inhala- 
tion anaesthesia the production of relaxation with 
cyclopropane, and the control of the respiratory disabilities 
which complicate thoracic surgery 

Applications 

Cyclopropane is a potent respiratory depressant, and it is 
unusual to obtain sufficient relaxation for abdominal opera- 
tions with this anaesthetic before respiratory arrest occurs 
But an increased depth of anaesthesia beyond this point, 
l e greater muscular relaxation, will accompany increasing 
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cyclopropane tension m the blood This can be brought 
about by rhythmic compression (about 18 per minute) of 
the reservoir bag in order to maintain the natural functions 
of respiration, the intake of oxygen and output of carbon 
dioxide, and at the same time to present an atmosphere 
containing sufficient cyclopropane to produce the desired 
level of anaesthesia In this manner the sphere of usefulness 
of this agent, and its attendant advantages, can be extended 
to the majority of abdominal operations Controlled 
respiration is thus the means of utilizing the otherwise 
inaccessible “ plane ” of cyclopropane anaesthesia of which 
the upper level is respiratory arrest, and the lower level 
commencing circulatory depression 

In abdominal work, relaxation is all-important For 
mtrathoracic surgery relaxation is unnecessary, but the 
anaesthetist must be prepared to contend with paradoxical 
respiration and other mechanical respiratory difficulties 
caused by an open pneumothorax In most cases he must 
also offer a technique which permits repeated bronchial 
suction Controlled respiration, le intermittent positive 
pressure, provides a simple and completely effective method 
of overcoming the respiratory disabilities which an opening 
in the chest wall creates Efficient respiratory exchange can 
be maintained under all circumstances, including the simul- 
taneous opening of both pleural cavities In addition, the 
non-irritating nature, rapidity of action and elimination, 
and low general toxicity of cyclopropane make this agent of 
particular value in thoracic surgery 

However, one technical point is noteworthy if this method 
is used for mtrathoracic procedures other than total pneumo- 
nectomy Care must be taken by suitably adjusted pressures 
and frequent observations, to prevent the complete collapse 
of the healthy lobes (should these be non-adherent) on the 
operated side Complete collapse, particularly over a long 
period, favours the undesirable complication of failure to 
re-expand during the immediate post-operative period 
(Maier, 1944) 

The use of continuous positive pressure during mtra- 
thoracic operations is an alternative procedure The relative 
merits of these two techniques have been thoroughly dis- 
cussed m recent papers (Beecher, 1940 , Bradshaw, 1939 , 
Crafoord, 1940 , Neff, Phillips & Gunn, 1942 , Nosworthy, 
1941) 

Both m upper abdominal and in thoracic surgery, con- 
trolled respiration offers one direct advantage, for what it is 
worth that the operative field can be rendered motionless 
if desired by momentary discontinuation of breathing-bag 
movements 


Technique of Controlled-respiration Anaesthesia with 
Cyclopropane 

Omnopon i gram [20 mg ] and scopolamine ^ gram 
[0 5 mg ] form suitable premedication for most adult cases 
before cyclopropane anaesthesia Induction with a short- 
acting barbiturate (eg pentothal 0 5 g) is pleasant for 
the patient and has the additional advantage of affording 
a high degree of protection against cardiac arrhythmias 
during the ensuing anaesthesia (Guedel, 1940, Thienes, 
Greeley & Guedel, 1941) The accompanying respiratory 
depression is no disadvantage if controlled respiration is to 
be deliberately undertaken A closed circuit with carbon- 
dioxide-absorption apparatus is naturally essential, either of 


the types in common use at the present time, i e to-and-fro 
or circuit principles, being satisfactory 

A suitable procedure for the introduction of cyclopropane 
after pentothal is to start with a hire of air in the reservoir 
bag and with the absorber out (to hasten induction), and 
then to start with a flow of cyclopropane and oxygen at a 
rate of 500 cm 5 of each per mmute, assisting inspiration by 
pressure on the bag if necessary After a few minutes the 
absorber can be connected, and controlled respiration can 
be started as spontaneous movements become inadequate 
Cyclopropane flow can be reduced to an intermittent trickle, 
and oxygen to the basal rate of about 250 cm a per minute, 
when the required depth is obtained A detailed description 
of this form of technique has been given by Nosworthy (1941) 

Once controlled respiration has been undertaken it is 
imperative to procure a completely airtight system Apart 
from the waste of valuable gas, undesirable fluctuations in 
depth of anaesthesia will follow the repeated additions made 
necessary by a leaking apparatus or an imperfect fit between 
mask and face 

The occurrence during apnoea of laryngeal spasm as a 
vagal-traction reflex-effect is a very real problem in this 
type of anaesthesia Interference with controlled respiration 
in this way, which is readily distinguishable from the resistance 
caused by the muscles of expiration, must for obvious 
reasons be avoided, either by the intelligent anticipation of 
surgical manoeuvres or by the use of an endotracheal tube 
A tube should always be used if such reflexes are considered 
to be unpredictable Some form of endotracheal technique 
is also obviously necessary if bronchial suction is to be 
performed In any case a pharyngeal airway can be used 
with advantage from the outset 

The untoward effects of excessive endotracheal pressure 
have been made clear by Adams (1940), Macklm (1939), 
Marcotte, Phillips, Adams & Livingstone (1940) Howeser, 
intermittent positive pressure up to as little as 10 cm water 
(which is undoubtedly safe) will be found sufficient for 
procuring effective ventilation with an open larynx under 
cyclopropane anaesthesia A satisfactory procedure is to 
imitate the movements of normal sleep Hyperventilation 
with its attendant alkalosis serves no useful purpose with this 
agent, and is to be avoided 


Estimation of Depth of Anaesthesia 

Difficulties may be encountered when estimating depth of 
:yclopropane anaesthesia These have been discussed y 
3 ouId (1941) In addition, the deliberate production or 
■espiratory failure removes the greatest safeguard agams 
jverdosage (Beecher, 1940) From the moment apnoea 
occurs, respiratory movements are no longer available as a 
agn, and smce the estimation of subsequent depth is cleariy 
ff paramount importance attention must be paid to every 
joint which may provide relevant information For example, 
he patient’s respiratory behaviour following premedicauo 
rnd the mductxon-dose of barbiturate should be note 
Watch must be kept on the amount of anaesthetic a aae 
smce the onset of apnoea For this purpose accurate *ww- 
neters are essential, though an estimate of the ana 
:onceotration actually being inhaled at any time can a y 
x obtained by smelling samples of the mixture Some p 
jf the closed-circuit system of the apparatus 
idvantage be provided with a sampling tube for this p rp 
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When respiratory depression is only just sufficient to 
maintain apnoea, the slight rise in carbon-dioxide tension 
of the blood occasioned by short-circuiting the absorber 
for a few minutes will restart respiration In these circum- 
stances, the tune required for spontaneous movements to 
return gives a measure of anaesthetic depth m terms of 
respiratory depression But as a means of gauging deeper 
anaesthesia, when only a high carbon-dioxide tension will 
stimulate the respiratory centre, this latter method becomes 
impracucal and theoretically undesirable 

The patient’s own reflex activity is a guide to depth, 
e g responses evoked by manipulation of a bronchus during 
thoracic surgery If due regard be paid to the nature of the 
surgical stimulation in progress at the tune, the force reqiured 
adequately to inflate the lungs during controlled respirauon 
may also be used as a measure of depth (Morton, 1945) 
With increasing muscular relaxation and decreasing reflex 
irritability, progressively less resistance is offered to inflation 

Much useful information with respect to abdominal 
relaxation is also gamed by noting not only the resistance 
offered to inflation, but also the relative extent of the resulting 
abdominal and thoracic movements This latter point is 
often particularly well demonstrated in cases of perforated 
peptic ulcer In these cases considerable rigidity usually 
persists under light anaesthesia, and the expiratory muscles 
offer resistance to inflation of the lungs The inspuatory 
movements produced by bag pressures may be mainly 
thoracic But as anaesthesia deepens and relaxation develops, 
inflation becomes easier and Increasing diaphragmanc descent 
is evident from the increasing rise of the abdominal wall 
When immediate and well-marked abdominal movement 
accompanies inflation with an endotracheal pressure of less 
than 10 cm water, adequate relaxation for upper abdominal 
surgery is assured 

Strict attention must be paid to the effects of operative 
shock In this connection shock and haemorrhage produce 
effects comparable with those of deepening the anaesthesia. 
Relative overdosage may easily occur, and the return of 
spontaneous respiration be undesirably delayed unless the 
anaesthetic-concentration is reduced The rapidity of 
elimination of cyclopropane is one of the major advantages 
of this agent under these circumstances 

Return of Spontaneous Respiration 

Due regard to the signs of depth enables the level of 
anaesthesia to be assessed relative to the threshold at which 
spontaneous respiration will return Cyclopropane in a 
concentration m the neighbourhood of 75 % “ will produce 
apnoea with a threshold out of reach of any known stimulus ” 
(Guedel, 1940) At the lower concentrations more usually 
employed, respiration c an be restarted by the introduction 
of carbon dioxide into the respired atmosphere But it would 
seem preferable to restore active respiration by removing 
the cyclopropane rather than by stimulating a deeply- 
depressed respiratory centre This can be achieved by con- 
tinuing rhythmic bag-compression with the absorber out, 
and periodically flushing through the closed circuit with 
air There is an additional advantage in introducing air 
slowly towards the end of a major operation— particularly 
a thoracotomy, during which an atmosphere rich in oxygen 
has been used — as a debilitated patient may not satisfactorily 
tolerate a sudden change 

A difficulty may arise with abdominal cases, as maximal 


relaxation is required for peritoneal closure shortly before 
the end of the operation One solution to this problem is to 
inject rapidly a very small dose of short-acting barbiturate 
(eg pentothal 0 2 g) immediately before the peri- 
toneal edges are picked up, and to commence washing out 
cyclopropane immediately after the peritoneum has been 
sewn But unless a proper balance has been arranged 
between volatile and non-volatile agents, and a correct 
assessment of respiratory depression has been made, there 
may be insufficient time during suture of the abdominal 
wall for the restoration of normal breathing An embarrassing 
situation can occur m which one patient remains apnoeic at 
a time when the induction of another is due The prevention 
of such occasions is the outcome of experience The injection 
of analeptics m the usual dosage makes little lasting con- 
tribution to hastening the return of normal adequate respira- 
tion in such cases, and in the author’s opinion the use of 
these drugs finds no place in the management of patients 
recovering from controlled-respiration anaesthesia 
In no circumstances should a patient be moved out of 
reach of the operating-room facilities for respiratory 
resuscitation before completely adequate spontaneous 
breathing has be^n re-established This is particularly 
important in shocked patients and those who have been 
deeply anaesthetized Vigorous stimulation with carbon 
dioxide can produce sufficient hyperpnoea to reduce the 
cyclopropane tensions m the higher centres to a level at 
which signs of partial consciousness reappear, though a 
considerable quantity of the gas remains located in other 
tissues A false sense of security is created and the patient 
may be removed from the operating room at this stage 
When, however, he is allowed to breathe normal air, the 
stimulus to respiration is removed and an apnoeic period 
follows, during which cyclopropane is re-distnbuted in the 
body and the higher centres become “re-anaesthetized” 
The attendant anoxaemia introduces an unnecessary hazard 
into the recovery period, and such events, though forming an 
interesting link between the theoreUcal aspects of the 
physiology of anaesthesia and the realities of clinical practice, 
are to be avoided The use of carbon dioxide should be 
restricted to the production of momentary hyperpnoea at 
the end of the operation, and aimed at aerating the lung- 
bases after spontaneous respiration has been thoroughly 
re-established 

Controlled and Assisted Respiration with Agents other than 
Cyclopropane 

Under ether anaesthesia, abdominal relaxation to a degree 
which satisfies all demands can be produced whilst active 
respiration is still effective and the need for controlled 
respiration does not arise In some cases, however, following 
depressant premedicaUon and barbiturate induction, or when 
ether is used for thoracic surgery, spontaneous respiration 
may be at times inadequate In these circumstances, inspira- 
tory movements can with advantage be augmentated by 
suitably-timed bag-pressures Momentary apnoeic periods, 
if offering surgical convenience, can be produced by hyper- 
ventilating in a similar manner through an efficient absorber 
Under pentothal anaesthesia, profound muscular 
relaxation is usually associated with considerable respiratory 
depression, and assisted respiration is of value However, 
prolonged deep anaesthesia with pentothal alone has 
undesirable features, and balanced anaesthesia is generally 
considered preferable 
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Should curare 1 be used in combination with inhalation 
anaesthesia to procure abdominal relaxation, the attendant 
intercostal paralysis may seriously impair respiratory effi- 
ciency In such cases assisted or controlled respiration 
(depending on the degree of respiratory depression) will 
restore optimum ventilation and allow every advantage to be 
taken of the remarkable properties of this drug 
The employment of nitrous oxide with controlled respira- 
tion for thoracic surgery has been thoroughly discussed by 
Crafoord (1940), who describes a mechanically-operated 
device (to replace manual bag compression) used in con- 
junction with a continuous-flow nitrous-oxide/oxygen 
apparatus He advises moderate hyperventilation, and 
apnoea due to lowered carbon-dioxide tension is a feature of 
this form of anaesthesia Of the remaining agents m common 
Use, chloroform may find occasional application with this 
technique (for controlling the effects of an open pneumo- 
thorax) on the occasions when diathermy is regarded as a 
necessity during thoracic operations in the presence of a 
bronchopleural fistula 

Commentary 

The controlled-respiration technique greatly enlarges the 
clinical usefulness of cyclopropane, but this does not justify 
the use of this agent in cases more satisfactorily dealt with by 
non-inhalation methods, e g in the muscular patient requiring 
profound relaxation over a long period and for whom local 
or spinal analgesia is not contra-mdicated 
Crafoord has pointed out that the muscles of respiration 
are put completely at rest during this type of anaesthesia 

References 

Adams, W E (1940) J tlioiac Su/g 9, 254 
Beecher, H K (1940) J thorac Swg 10, 202 
Bradshaw, H H (1939) J thorac Surg 8, 293 
Crafoord, C (1940) J thorac Surg 9, 237 
Gould, R B (1941) Lancet, 2, 449 
Guedel, A E (1940) Anesthesiology, 1, 13 
Macklin, C C (1939) Aich int Med 64, 913 


This is in complete contrast to the laboured movements and 
active expiration usually associated with semi-closed methods 
The possible influence of each of these factors on the 
occurrence of post-operative pulmonary complications is 
worthy of investigation Further blood-carbon-dioxide 
studies during controlled respiration would also be of 
interest 

In the present state of our knowledge it would seem that 
the minimal amount of anaesthetic which will produce 
satisfactory operating conditions is, in the majority of cases, 
the best amount to use This is true for controlled-respiration 
anaesthesia, and inadvertent overdosage through failure to 
estimate depth correctly may be one of the causes of some 
of the untoward post-operative circulatory effects which have 
been attributed to cyclopropane in the past 
It may be urged that the production of respiratory arrest 
creates too wide a deviation from normal to commend itself 
for routine use However, opinion is easily biased by 
recollection of the sinister significance of respiratory failure 
caused by the less-volatile agents administered by open 
methods This technique is certainly eminently satisfactory 
m use As to post-operative effects, its advantages and 
disadvantages are mainly bound up with the merits of cyclo- 
propane itself, about which medical literature shows frequent 
favourable reports interspersed with occasional words of 
warning Further investigation is necessary before a final 
assessment can be made But there can be no doubt that 
efficient controlled respiration is wholly preferable to inade- 
quate spontaneous ventilation, and offers an effective solution 
to difficulties which often arise from this cause during 
inhalation anaesthesia 
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THE ANAESTHETIST AND THE 
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To-day there is an increasing emphasis on the rehabilitation 
of the patient after operation The rapid return of the 
citizen to full activity is of the greatest importance to 
national economy, to the overcrowded hospital, and to the 
patient himself This demands an increasingly high standard 
of surgical and anaesthetic care 

Advances m anaesthesia have inevitably resulted in more 


complicated techniques, which tend to restrict the practice 
to whole-time specialists The time wasted in travelling 
between widely-separated hospitals and clinics, and the small 
fees paid— together with the shortage of trained men— 
cause the anaesthetist to spend an unduly high proportion 
of his time m the operating-theatre This has led to 
considerable technical skill, but at the expense of clinical 
interest The concentration of his work under one roo 
may even add to the tune actually spent in the theatre oy 
the anaesthetist, who is denied the change of scene entailed 
by the ward and outpatient-duties of the surgeon 

The teamwork of the operating-theatre requires a iu 
co-operation by extending this outside the theatre, wi 
the anaesthetist taking a larger part m pre- and PO - 
operative care, advantage would be taken of *\ £ 

training in sedation, in the rebef of pam, m 
techniques, and in the administration of oxygen .and [other 
This increased range of responsibility should then 

attract into anaesthesia more of the type °f * 

,, the. cneciahtv is to progress Moreover tin. 


* (See BMB 824 -Ed J 
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overworked surgeon, if competent help were available, 
should welcome the delegation of responsibility in the 
preparation and after-care of his cases It is recognized 
that this involves closer study by the anaesthetist of many 
problems such as nutrition in its widest sense, the proper 
balance between rest and exercise, and the general consider- 
ation of the physiology — and pathology — of the surgical 
patient, before, during and after operations , nor should 
he neglect the psychological factors Improvement in the 
care of the surgical case will follow the wider application 
of knowledge already gained and may be fostered by careful 
record keeping, follow-up schemes, and by regular staff- 
meetings as already practised in some centres 

I PRE-OPERATIVE CARE 
Every anaesthetic involves a risk to the patient , it is 
during the pre-operauve visits that this risk is assessed and 
that steps can be taken to forestall or reduce the complica- 
uons of the operative and post-operative periods These 
measures may take time and should be considered either 
before admission or at the first occasion when operauon 
becomes a possibility comparaUvely little can or should 
be done on the very eve of operation The routine 
examination, the choice of pre-medication, and the selection 
of anaesthetic procedure have often been fully described, 
but this paper refers to some aspects which are beginning 
to receive greater attention 

a Exercise and Rest 

Any patient confined to bed for more than a short time 
will be “ out of training ” His respiratory efficiency and 
cardiovascular and muscular tone will be reduced and he 
will not be at his best to withstand the combined effect of 
major surgery and anaesthesia When, therefore, a patient 
has been kept in hospital for any length of time he should 
be as much as possible out of bed, and invaluable help can 
be provided by the physiotherapy department in arranging 
and supervising suitable exercises, especially those to 
encourage free ventilaUon of the lung-bases by intercostal 
and diaphragmatic movements These should be continued 
as soon as possible after operauon by the physiotherapist, 
who can thus secure the psychological benefits of an active 
participation by the patient in his own cure In this 
connection there is a tendency to reduce the time spent in 
bed after operaUon and Powers (1944), in a paper entitled 
The abuse of rest as a therapeutic measure m surgery ”, 
concludes that 

Prompt restoraUon of surgical patients to normal life is an 
essential feature of convalescent supervision Early post- 
operaUye activity and walking provide manifest modifications 
1“ customary convalescent care by which the process of 
recondxUomng may be largely eliminated and early rehabilitation 
meved The indications for such a programme are manifold 
o contraindications are apparent in this study of 100 
consecutive cases ’ 

Dock (1944) has drawn attention to “ The evil sequelae of 
complete bed rest ’ 

b Nutrition 

Recently attention has been drawn to the part played by 
t^hTf^n m conva f es cence Hospital diets have been shown 
°be frequently madequate especially m protein and vitamins 
these protein is the more important, and is thought to 


be a factor in wound disruption (burst abdomen), m increased 
oedema in wounds (a possible cause of obstruction of the 
stoma of an alimentary anastomosis), and in the delayed 
healing of fractures, of trophic ulcers and of liver-damage 
(Riegei, Koop, Gngger, Rhoads & Bullitt, 1945) Reduced 
intake, deficient absorption, increased utilization and loss, 
for example, in exudates, may all occur m disease and 
result m protein depletion Moreover it has been shown 
(Riegei et al ) that although no specific cause can be detected, 
other than the operation itself, patients lose weight m the 
post-operative period In view of this, and the fact that 
protein intake is likely to be reduced for some time after 
operation, every effort should be made to improve the patient’s 
nutation before operation by increasing protein in the diet 
and by avoiding any prolonged pre-operative starvation 
A recent paper by Cuthbertson (1945) should be consulted 

Vitamin defifciencies are unlikely to arise m healthy people 
eating a mixed diet, but impaired appetite, vomiting, 
diarrhoea, dietary restrictions or institutional feeding may 
produce them Deficiency of thiamin (vitamin Bj) may 
contnbute to impaired gastnc motility and anorexia which, 
in turn, may lead to a decreased intake of this vitamin 
Because of the part it plays in carbohydrate metabolism, 
thiamin has been given with glucose m intravenous 
alimentation Nicotinic acid, another of the B vit amin.'; , is 
known to prevent some forms of mental detenoration and 
its lack is probably associated with some confusional states 
Nicotinic acid deficiency may be precipitated by the 
administration of sulphaguanidme or succmylsulphathiazole 
(flardwick, 1946), which inhibit biosynthesis of this vita mm 
in the gut Deficiency in vita mm C (ascorbic acid) has been 
said to delay wound-healing, but experimentally extreme 
deprivation in men has not produced such changes The 
most that can be said at present with regard to these 
substances is that deficiency may be harmful and, since they 
are not poisonous, their intake should be adequate 

With regard to vitamin K, it is possible to be more definite 
This vitamin is needed for the formation in the liver of 
prothrombin, one of the substances concerned in blood- 
clotting Vitamin K, which is fat-soluble, is not absorbed- 
from the bowel unless bile is present, so that bleeding is to 
be expected m obstructive jaundice Gross liver-damage 
may also interfere with prothrombin formation and be the 
cause of haemorrhage , here also the “ prothrombin tune ” 
(Qmck) will be increased (and is used as a test of liver- 
function), but in the latter case vitamin K will not be 
effective Since vitamin K. analogue is harmless, it is in 
practice usual to give 10 mg by injection for several days 
before operating on patients with obstructive jaundice 
Should the tendency to bleed persist, it may usually be 
controlled by means of blood transfusion 

c Haemoglobin 

While it is, in certain circumstances, possible and 
justifiable to operate on severely anaemic patients, there is 
general agreement that it is better to remedy the anaemia 
beforehand than to rely upon transfusion during or even 
after operauon Blood grossly deficient m haemoglobin 
cannot carry sufficient oxygen to maintain the myocardium 
or liver parenchyma in optimal condiUon , these and other 
structures should have the advantage of adequate oxygenaUon 
for some days at least before having to meet the extra 
demands of the operauve and post-operative periods 
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Anaemia evokes a compensatory increase in cardiac output 
and pulmonary ventilation, and the anaemic patient's 
reduced reserve may be insufficient in the event of respiratory 
depression, obstruction or circulatory failure Should these 
occur, even to a degree which would be normally of little 
moment, the consequences are likely to be serious 
Similarly a blood-loss which would be withstood when the 
initial haemoglobin level is normal may prove insupportable 
if the initial level is low 

Cyanosis, depending for its production on the presence of 
reduced haemoglobin, becomes clinically apparent only when 
the latter exceeds 5 g per 100 cm 3 In severe anaemia, 
however, the total haemoglobin may be only 5 g per 100 cm 3 
( corresponding to about 30% haemoglobin), and cyanosis 
will never appear Lesser degrees of anoxia may occur 
which, if not fatal, can produce irreparable damage to the 
central nervous system, depress cardiac function, and may 
enormously increase the vulnerability of the liver to 
anaesthetic or other agents and toxins These effects are 
so serious that every effort must be made to prevent them 
Since cyanosis is a reliable sign of anoxia only in patients 
with normal haemoglobin, and the fact of its failure to 
appear deprives those in attendance of a valuable sign of 
oxygenation, anaemia of any marked degree should be 
treated before operation 

Anaemia may, if time permits, be treated in appropriate 
cases by iron or liver, but transfusion is not infrequently 
needed The value of a slow rate of administration is well 
recognized , not only does it permit the transfusion to be 
stopped before more than a small volume has been given 
in those cases of gross haemolytic reaction due to ill-matched 
blood, but it avoids overloading the circulation, which is of 
especial importance in children or in cases of cardiac or 
pulmonary disease Here the transfusion of concentrated 
erythrocytes should be considered We have come to 
realize, however, that we should replace blood as it is lost 
and maintain blood-volume during the operation, thus 
preventing the ill effects of haemorrhage on the vital organs 

During the last few years important new problems have 
been revealed by work on the Rh factor (see Taylor & Race, 
1944) This antigen is present in about 85% of whites, 
95% of negroes and 99% of Chinese If patients not 
possessing this antigen (Rh negative) receive a transfusion 
of Rh-positive blood they may develop anti-Rh agglutinins, 
which will cause a haemolysis if further Rh-positive cells 
enter the circulation This sequence of events may occur 
when repeated transfusions are given, the reactions are 
usually mild at first being perhaps manifested only by an 
absence of the expected rise in haemoglobin value after 
transfusion If the significance of this sign be not appreciated 
the ensuing reactions may be expected to increase in severity 
and may finally resemble the haemolytic reactions of ABO 
incompatibility The highest titres of anti-Rh agglutinins 
develop in Rh-negative women pregnant with an Rh-positive 
foetus and here violent reactions may occur Hence ideally 
every repeated blood transfusion should be Rh-compatible 
and, failing this, careful watch must be kept for reactions 
Women who are, or who have ever been pregnant, should in 
the light of present knowledge receive Rh-compatible blood 
this involves either expert grouping or the administration 
of Rh-negative blood in such cases The latter is, however, 
comparatively scarce The theoretical possibility also 
exists that a single transfusion of Rh-positive blood might 


sensitize an Rh-negative woman, in which case, should she 
have an Rh-positive child, it would probably suffer from 
haemolytic disease Few people are, however, so easily 
sensitized (Callender & Payko?, 1946) 


H. IMMEDIATE POST-OPERATIVE CARE 


The difficulty and mterest of the induction and operative 
periods may be greater than that of the withdrawal stage 
but they are no more important The safe return of the 
patient to consciousness, the release of his physiology from 
pharmacological control, is a weaning which needs and should 
have expert guidance General anaesthesia tends to depress 
the respiratory centre, which is, however, stimulated by 
many operative procedures When this stimulus ends, 
unless the agents have been withdrawn from the circulation, 
the depression may become marked 


Fortunately most operations become less stimulating 
toward the close, as for example, after the peritoneum is 
closed in abdominal cases, and an opportunity is given to 
lighten the anaesthesia This should be done gradually, so 
as to avoid the persistence of a tissue-concentration higher 
than that of the blood, in which case any transient decrease 
m pulmonary ventilation might be followed by an unwanted 
deepening of anaesthesia Similarly, the oxygen and carbon- 
dioxide level should be kept as nearly normal as possible 
during the administration, in order that the respiratory 
centre may not become apnoeic when the patient returns 
to atmospheric breathing These two considerations call 
for caution in the use of carbon dioxide to effect the rapid 
de-etherization of a patient by forced breathing 
A sudden fall in oxygen tension should not be permitted 
after major procedures, and this may be avoided by 
gradually increasing the nitrous oxide, or by admitting air 
into the circuit, the latter having the advantage that the 
atmospheric nitrogen is much less quickly absorbed by the 
pulmonary alveoli than is nitrous oxide or oxygen, and thus 
delays any collapse behind the mucous plugs which may 
later obstruct the bronchi 


At this stage, and before the patient is moved, the upper 
airways should if necessary be cleared by aspiration , t e 
volume and the purulent nature of the secretions is often 
unexpected, and an obvious potential cause of pulmonary 
complications Similarly, and if indicated, before t e 
withdrawal of an endotracheal tube a suction catheter m y 
be passed into the mam bronchi This “ toilet an care 
of the respiratory tract at the end of operation is beco 
recognized as a most useful measure in the preven tot * 
chest complications Should this be judged lnsufficien , 
more especially in the presence of known lung > 
persistent secretions, cyanosis or poor circulatory s > 
bronchoscope may be passed and aspiration repea e 
direct vision 

When reflexes are still in abeyance, or their vigilance 
dulled by the remaining anaesthetic or sedation, P 
will need protection from the danger of i a( | 

secretions, blood, vomit and other foreign ma 
the anaesthetic agent is removed and the period of heavy 

post-operative medication is past This ; IS arrao mng the 
as possible by vigdant nursing-care, and by can & 

patient that the mouth is directed downwar m the 

done after most operations by placing th P 
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lateral position, which has the added advantage that the 
tongue and jaw tend to fall forwards away from the posterior 
pharyngeal wall, thus lessening the risk of respiratory 
obstruction 


a Fluids 

The present views on the post-operative administration of 
fluids mclude the following points In the first place it is 
presumed that the pre-operative care of the patient has 
ensured that any shock, gross anaemia, dehydration or 
salt-depletion will have been corrected as far as is possible 
before operation Chloride deficiency should be suspected 
when the patient has had vomiting, diarrhoea, or has had 
continuous gastric aspiration, and may be inferred from the 
absence of urinary chlorides as indicated by the failure of 
silver nitrate to produce a cloudy deposit when added to 
urine acidified by nitric acid 

Any blood lost during operation should be replaced at 
once, and ordinarily no further transfusion of blood should 
be needed except m the case of continued haemorrhage or 
fall in haemoglobin In conditions resulting in marked 
haemoconcentration, with raised haemoglobin value and 
decreased blood-volume, the circulating volume should be 
increased by serum or plasma These contain valuable 
protein, remain longer m the vessels, and have little tendency 
to cause oedema They are more expensive than glucose or 
saline solutions, which are, however, free from nsk of 
infective hepautis 1 The use of acacia to provide solutions 
of higher osmotic power has been followed by liver damage, 
and the search for suitable solutions continues 

It has been shown (CoIIer &. Maddocfc, 1940) that during 
an ordinary operation, up to 1-1J litres of fluid are lost to 
the pahent by various routes Usually the patient will be 
able to drink sips within a few hours of operaUon, hut 
since drinking may be restricted by nausea after a major 
operation or heavy “ ethenzauon ”, it is kinder to minimize 
the patient’s thirst during the early post-operative period by 
the routine admimstraUon of a pmt [about 0 57 1 ] of tap- 
water per rectum before he recovers consciousness This 
procedure may be repeated at intervals, and seems to be 
tolerated more easily than is a continuous rectal dnp, hut 
even so m many cases it cannot supply sufficient fluid or be 
continued long enough It has however the great advantage 
that by this route it is not possible to overload the circulaUon 
with fluid and chlorides, a risk which is present — in children 
especially — with intravenous methods It is useful in this 
connection to remember that the adult need for water is 
about 5 pints ( 2 8 1 ) in the 24 hours, and for salt, as much 
35 is contained in one pmt (0 57 1 ) of isotonic saluie 
Glucose is tolerated in large amounts, and since a 5% 
solution in distilled water is isotonic, 4 pints (2 25 1 ) of 
fins solution, sterile and pyrogen-free, together with 1 pmt 
(0 57 1.) of isotonic saline may be given intravenously and 


’t? USUA lly l°ns incubation period of up to three or more months Has 
blrvvf^J rc 9°B mtloa of UifectUt hepautis as a sequel to the admmistratioA of 
filtration ^-^vames. The causatne virus is not destrojed b> refrigeration 
or by any of the preservatnes or antiseptics at our disposal Moreover 
tKn transfusion fluids infects the whole bulk, dilution not reducing 

likr -1 r n vz *? Zs Tktis tho transfusion of blood from one donor is less 

v-rribr, ♦v by hepautis than is the administration of pooled plasma, or 

though the latter is now being produced in smaller batches. It has been 
irm nfki 50 ? 6 111130 m venereal-disease dimes that jaundice is transmitted by 
cffSuvf. 1 tv™ m 5 > Tlfl Scs and needles and that only sterilization by heat is 
ann i,7oT, 1 r 1 P C , carbolic spirit or other disinfectants is inadequate and the 
of 11115 'povdcdEe to the preparation of syringes used for intravenous 
uiMrtJpriV? ° >cr ? uc Tbc delay is in part, due to the difficulty and expense 
heat tW.^ 1 “•"IpMWMiit of the popular Record type syringes by the more 
neat resisting all glass patterns 


will meet normal requirements Since 5 % glucose in normal 
saline is hypertonic, its use may be followed by some 
phlebitis In cases where fluids and chlorides are being 
lost by vomiting, or by gastric suction, or when large volumes 
of fluid pass into the bowel as in ileus, then the quantity 
given must be increased even up to an intake of 8 pints 
(451) or more per day, of which £ to $ should be saline 

It is helpful if the intake by mouth, the intake by infusion, 
the amount lost by vomiting, and the unnary output are all 
entered on a fluid-balance chart and this, together with the 
specific gravity of the urme and its reaction to silver nitrate 
(vide supra), is usually sufficient guide (Atkins, 1944) and 
will serve to prevent overdosage, which on the whole is more 
harmful than a little dehydraUon Similarly, since an excess 
of chlorides may not be eliminated by the kidney and may 
cause pulmonary oedema, it is probably wise to give too 
little rather than too much saline, and to use fluids such as 
5% glucose or serum or plasma and to add saline only in 
such amounts as to ensure that chlorides are excreted in 
the urme in sufficient quantity to produce only a light, 
cloudy deposit on the addition of silver nitrate When any 
doubt arises the plasma chloride should be estimated 

b Heat 

The cold, pale skin of the shocked patient is now regarded 
as being due to peripheral vasoconstriction, which diverts 
the reduced blood-volume to the more vital organs The 
produchon of a good skin-colour by applymg heat defeats 
this defence-mechanism, and may be followed by a fall in 
blood-pressure and deterioration in general condition Heat 
also increases the metabolism of the tissues, thus creating an 
increased oxygen-need which may deprive other more 
important tissues of oxygen and, in the case of vascular 
injury, may cause a demand which cannot always be met and 
which may precipitate gangrene 

Morphine given by hypodermic injection to patients with 
either surface vasoconstriction or peripheral circulatory 
failure is slowly absorbed, and unless this state of affairs be 
appreciated a second dose may be given When the blood- 
flow at the site of injection increases after resuscitation, 
absorption will become complete and overdosage may 
result Where this possibility exists, morphine can be given 
with greater safety and precision by the intravenous route 

EH LATER POST-OPERATIVE CARE 
a Pulmonary Complications 

Major post-operative pulmonary complications have been 
closely studied during recent years Veal & Van Werden 
(1937) have pointed out that while this more careful 
observation has resulted in an apparent increase m then 
frequency, the better prophylaxis and treatment have been 
followed by a fall m mortality from these causes 

Atelectasis is the most common, and, since it is the usual 
precursor of more serious comphcaUons, the most important. 
Occasionally the whole of a lobe, or even a lung, is collapsed. 
More often the areas affected are small and scattered fairly 
widely in the basal zones of one lung, or less frequently both 
Clinically the onset is usually sudden, within the first 48 
hours, with fever and tachycardia There is some cough, 
but in this lobular form, unless very widespread, dyspnoea 
and cyanosis are not prominent features The physical signs 
mclude varying degrees of dullness to percussion, weak 
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air-entry, and at times bronchial breathing with some 
mediastinal displacement in unilateral cases With massive 
collapse of one or more lobes the symptoms and signs, 
including dyspnoea, cyanosis, and mediastinal displacement, 
are more marked The pathogenesis is considered to be the 
absorption by the blood-stream of the gases retamed behind 
a bronchial plug of mucus It is to retard this absorption 
that some gas such as atmospheric nitrogen, or less often 
helium, can be admitted at the end of the operation to the 
anaesthetic circuit in order to replace the too-readily- 
absorbable nitrous oxide or oxygen While this is probably 
the mam factor, it has been shown that ciliary activity can 
move a bronchial plug towards the larynx sufficiently 
powerfully to produce behind the plug negative pressures 
far greater than any normally recorded m the pleural cavity, 
and these are easily capable of causing collapse of the alveoli 
(Hilding, 1944) 

The formation of the mucous plug is favoured by the 
presence of increased secretions in recent infections of the 
respiratory tract, in gross pulmonary disease, in heavy 
smokers, and perhaps in the indiscreet use of ether The 
nature of the secretions is most important, and it is found 
that a small amount of tenacious mucus, as in chronic 
bronchitis, is more harmful than a larger but more fluid 
collection such as is found in bronchiectasis On this 
account, many prefer hyoscme to atropine, and most consider 
the post-operative and repeated use of any belladonna 
derivative unwise Should bronchospasm occur, a piece of 
mucus too small to obstruct a normal bronchus may form 
a plug, and if this be of tenacious consistency it may remain 
as a film across the bronchial lumen after its relaxation 
Pentothal and cyclopropane both tend to cause broncho- 
spasm On the other hand, the bronchial dilatation which 
accompanies the use of ether more than compensates for 
the excess secretions produced This may be one reason 
why the use of the so-called non-irritant agents has not been 
followed by any marked reductionm thenumber of atelectases 

In health, mucus is raised by the ciliary action alone 
(Negus, 1933) When secretions are excessive the cough- 
reflex is stimulated, often by the movement, due to the 
tidal exchange, of mucus to a different and more sensitive 
area of mucous membrane After operation, the cough- 
reflex may be depressed during a prolonged recovery-period 
or by heavy sedation, but far more important is the effect 
of pam from the site of operation which restricts the move- 
ments of the diaphragm and intercostal muscles, and thus 
diminishes pulmonary ventilation Moreover, the coughing 
is itself painful and tends to be voluntarily restrained and 
made ineffective This is reflected in the high incidence of 
atelectasis after operations on the thorax and abdomen, 
particularly those near the diaphragm, which contrasts 
strongly with the rarity of this complication after operations 
elsewhere — particularly on the head and limbs 

Many points m prophylaxis have been suggested above 
Breathing exercises supervised by a physiotherapist before 
operation and resumed post-operatively have been found a 
most useful routine m upper abdominal and thoracic 
surgery The avoidance of operation in the presence of 
respiratory infection, and careful post-operative “ toilet ” of 
upper and lower respiratory passages as described above 
shoujd be practised Morphine, although it depresses the 
cough-reflex, is indicated m carefuilv individualized dosage 


to relieve pam • by so doing it allows greater respiratory 
excursions and makes the clearing of the bronchi by coughing 
less painful Intravenous novocame may prove useful for 
this purpose 


Brock (1936) advocates that, when the patient is turned 
on his side and alt pillows have been removed for attention 
to the skin of the back, the nurse, while supporting any 
operative incision on the chest wall or abdomen, should 
induce the patient to make purposeful coughs to raise any 
sputum This may be more effectively carried out if preceded 
on the first few occasions by an injection of morphine 
This manoeuvre is also the most effective means of treating 
the established condition , then it should be personally 
supervised by the anaesthetist or surgeon, who may, to save 
time, give the small dose of morphine intravenously and 
should encourage the patient, who is often apprehensive, to 
make the effort which is usually rewarded by the expectora- 
tion of tenacious mucus or mucopus 
If this procedure is unsuccessful or unpractical, a Magdl 
tube may be passed under local anaesthesia through the nose 
into the trachea, and a suction catheter may then be 
introduced to evacuate the secretions— the coughing evoked 
probably contributing largely to the success of the practice 
Alternatively, bronchoscopy performed with the patient 
sitting up in bed is not difficult and the suction, being under 
direct vision, is likely to be even more effective The relief 
given to the patient by these methods is marked and can be 
life-saving Moreover it must remembered that persisent 
atelectasis is probably not infrequently followed by infection 
with resulting purulent bronchitis and pneumonitis Although 
these, in many cases, respond to chemotherapy, the dangers 
of pulmonary sepsis with resistant organisms are so grave 
that every effort at prophylaxis must be made Nosworthy’s 
paper “ Bronchoscopy m the prevention and treatment of 
traumatic and post-operative pulmonary lesions’’ (1944) 
summarizes his views and practice and should be read 


The tendency of atelectasis to spread to fresh areas and to 
recur after treatment, is not unexpected in view of its 
pathogenesis This point is emphasized by McGrath (1945), 
who teaches that the initial episode should be taken as a 
warning of possible recurrences and urges their prompt 
treatment along the lines suggested above 

Pneumonia after operations is now held to be usually the 
sequel to atelectasis The treatment of this primary condition 
is not only important prophylactically, but should, module 
in accordance with the patient’s general state, be continue 
to promote re-expansion and to prevent the spread o 
collapse to fresh areas In view of the long period during 
which atelectasis may persist, and the comparative rarity o 
pneumonitis following it, chemotherapy should be withheio 
until the latter occurs, and, w view of the toxicity or 
inconvenience of the drugs at our disposal, should not oc 
employed prophylactically 

The possible role of pulmonary infarction in the causation 
of pneumonia is undecided In addition to those cases 
to peripheral thrombophlebitis, there is the puhnonary 
infarction which results from cardiac failure, especial y 
old people 

The inhalation of vomitus may follow operation 
patients with a full stomach, and commonly res suits in a 
pneumonitis which not seldom progresses atos 
formation This may be the result of the delayed ga 
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emptying which accompanies apprehension in some patients 
—more especially children Impatience and the pressure of 
work have resulted in catastrophe in many outpatient 
departments When it is essential to proceed, the stomach 
should be emptied— in children by an emetic and in adults 
by a tube— before anaesthesia In cases of obstruction to 
the alimentary tract or of gastric or intestinal dilatation, 
where vomiting may be expected, to withhold gastric lavage 
and aspirauon involves taking a risk, normally unjustifiable, 
at the pauent’s expense Patients too ill for this procedure 
are possibly monbund for lack of it, and certainly too ill for 
general or spinal anaesthesia Unorthodox techniques such 
as pentothal and curare may serve m specially skilled hands 
but, in general, few exceptions can be made with any safety 

b Thrombophlebitis 

The intravascular clotting of blood in the veins is a serious, 
if relatively uncommon, complication after operation The 
patient is not only exposed to the risk of pulmonary embolism, 
but may receive such damage to the circulation of the legs 
that oedema, pam and skin ulceration result in long- 
continued disability The concern felt by the attendants 
communicates itself to the patient, and post-phlebitic 
neurosis is often an added complication 
The causative factors responsible for intravascular clotting 
are only partly understood. Many of these, such as age, sex, 
time of year, and the presence of malignancy, cardiac disease, 
anaemia, dehydration and immobilization, are concerned in 
thrombosis, both in patients after operation and m those 
on whom no operation has been performed The higher 
incidence in those subjected to operation is associated with 
changes m the blood, of which the increase m blood-platelets 
and decreased clotting-tune are the most easily estimated 
and most significant From the cluneal point of view, 
venous stasis, although in itself insufficient to cause clotting, 
ls _ the greatest importance It is favoured by inactivity 
of the muscles of the leg, which normally by their contractions 
intermittently compress and so empty the adjacent veins 
Stasis may also result from the constant pressure of a pillow 
aader tho knees or from tight bandages The mam veins of 
the abdomen or thorax, may be subject to pressure from 
without by ascites, abdominal distention or pleural effusion, 
or they may be distended by the back-pressure of cardiac 
failure The negative inspiratory pressure in the thorax 
normally aids the venous return to the great vessels, and this 
wifi be adversely affected by the restricted pulmonary 
ventilation which may occur in disease and after operations 
Three mam types of venous thrombosis after operation 
are described 

i The superficial thrombosis following mtra venous therapy 
especially by hypertonic or irritant solutions — or of 
varicose veins, is seldom followed by serious con- 
sequences 

u Thrombosis in the deep \euis giving rise to tenderness 
m the calf and pam on dorsiflexing the foot is 
commonly accompanied by pam, fever, oedema and 
lymphadenitis, and the tenderness and thickening of 
the vein spreading up to Scarpa’s tnangle results in 
me fully-developed picture of phlegmasia alba dolens 
The clot m this type of thrombosis is firmly anchored 
to the inflamed venous wall The danger lies in the 
impairment of circulation, which may leave a painful, 


swollen and ulcerated leg, rather than in the possibility 
of embolism 

in The third type of thrombosis 13 not accompanied by 
much inflammation of the vein-wall, and is therefore 
relatively symptomless and is associated with a loosely- 
adherent dot Here there is considerable risk of 
embolism when the patient becomes more mobile 
The aetiology suggests many points in prophylaxis, but 
the most important is probably early and frequent movements 
of the leg muscles to empty the deep veins of the calf and foot. 
These exercises can be performed m comfort and safety in 
almost every case, and seem more likely to be effective than 
the lifting of a rigid terrified patient into a chair on the 
first or second post-operative day They can be combined 
with breathing exercises under the supervision of the physio- 
therapist, and should precede the early mobilization of the 
patient where this is not contra-mdicated The use of a 
knee pillow to maintain the so-called Fowler’s position is 
unnecessary and should be avoided 
Where thrombosis has occurred m the past, or is judged 
likely to occur, the clotting-tune should be estimated, and 
if this is found to be decreased, anticoagulant treatment by 
heparin or dicoumann should be considered after operation 
The use of these substances must be controlled by frequent 
estimations of the clotting-time, since, if this is too prolonged, 
bleeding from the wound may occur (Barker, Cromer, 
Hum & Waugh, 1945) 

Dicoumarm diminishes the production of prothrombin by 
the liver within 24-48 hours after oral administration 
Herrmann, in an excellent account, “Venous thrombosis 
and pulmonary embolism ” (1945), which should be consulted, 
and on which this note is largely based, recommends a single 
dose by mouth of 300 mg on the first day, 200 mg on the 
second day and 100 mg on each successive day until the 
prothrombin time exceeds 27 seconds The subsequent 
dosage of dicoumarm should be varied to maintain this level 
at which venous thrombosis is most unlikely to occur 
This drug has superseded hepann except where a rapid effect 
is needed, as m pulmonary embolism. Here, the administra- 
tion of hepann, 300 mg in 1,000 mL of saline by slow 
intravenous dnp over 12 hours, is usually sufficient to prevent 
fresh clotting without affecting clots already formed. The 
clottmg-tnne should be estimated and the heparin continued 
until the dicoumann, which should have been given when 
heparin was started, takes effect 
Anticoagulant therapy is contra-indicated in any blood 
disease in which bleeding may be expected, m hepatic or 
renal insufficiencies, m active tuberculosis, nutnuonal 
deficiency, and in the presence of open wounds In the 
event of haemorrhage or emergency operation, the pro- 
thrombin time may be reduced by a large dose of vitamin K 
analogue (60 mg ) and a transfusion of fresh whole blood. 

The treatment recommended for the established condition 
m the leg is immob iliza tion for as long as the inflammation 
is active — usually for 2-3 weeks — with the leg raised 
(Barker & Counsellor, 1938) Every effort to dispel the 
oedema fluid before it becomes organized and produces 
irreversible changes m the tissues should be made (Zimmer- 
mann & de Takats, 1931) Undue immobilization of the 
patient, commonly due to “ embolophobia ”, favours the 
formation of fresh, loose clots, both above the adherent clot 
m the affected leg and also m the veins of the other side 
This nsk may be minimized by exercising the remainder of 
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the body and by the anticoagulant drugs already described 
Later, pain and oedema may sometimes be reduced by 
paravertebral block with 2% procaine as described by 
Lenche & Kunlin (1934), but most patients will require the 
support of an elastic bandage 
Pulmonary Embolism may be rapidly fatal, but is often 
preceded by smaller embohc incidents The cause of death 
is probably not wholly mechanical but m great part due to 
the mtense stimulation of abnormal reflexes in the autonomic 
nervous system De Takats (1944) recommends the 
immediate use of atropine and papaverine, and the avoidance 
of morphine and digitalis which may accentuate these reflexes 
He teaches that these drugs should be given at the first hint 
of embolism * Lest a small embolism should be the starting 
point of spreading secondary thrombosis, hep arm and 
dicoumann should also be given Since the prognosis for 
any given case is so uncertain, and emergency operation can 
be expected to succeed only in very special circumstances, 
treatment for acute cases should rely on prophylaxis and the 
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CONCLUSION 
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The Preparatory Period 


The discovery and final establishment of inhalation anaes- 
thesia as an integral part of surgical practice was partly the 
inevitable outcome of scientific research, partly the result of 
vaganes of circumstance Researches on pneumatic chemistry 
and the physiology of respiration during the seventeenth and 
eighteenth centimes prepared the way for Joseph Priestley’s 1 
discovery of oxygen (1774) and for Lavoisier’s 3 elucidation 
of the nature of the respiratory process (1774-85) 

The work of Priestley and Lavoisier found a practical 
application in pneumatic medicine— the therapeutic mhala- 


,Th „ ,rtide is based on a much longer study on The development of Inhalation 
social reference to the years 1846-1900 by Dr Duncum, which 
«hc Oxford University Press for the Wellcome 

Historical Medical Museum 


tion of gases Carbon dioxide, oxygen and hydrogen were 
chiefly used, but the vapour of sulphuric ether also was tried 
Indeed Valerius Cordus, who, in 1540, gave the first unmis- 
takable description 3 of the preparation of ether, had suggested 
that drops of the liquid taken by mouth would loosen phlegm 
and ease stubborn coughs 

Therapeutic inhalation was principally studied by the 
brilliant circle of men whom Priestley had drawn around 
him at Birmingham In 1792 Thomas Beddoes, formerly 
lecturer m chemistry in the University of Oxford, and by 
ties of friendship one of the Birmingham circle, decided that 
pneumatic medicine ought to be systematically and intensively 
studied and he began to canvass his friends for money with 
which to found a research institution By 1794 the Pneumatic 
Institution was established at Clifton, Bristol, and James 
Watt*, the engineer (another of the Birmingham circle and 
one with a particular interest m pneumatic medicine since 
his young son was dying of phthisis) was busy designing 
apparatuses for generating and inhaling gases 


Davy’s Researches on Nitrous Oxide 

In 1798 Beddoes was looking for a superintendent for the 
Pneumatic Institution and when, during a summer holiday at 
Penzance, a friend introduced him to the eighteen-year-o 
surgeon’s assistant, Humphry Davy, whose chemical 
researches undertaken on his own account already markea 
him as a student of brilliant promise, Beddoes offered him 
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the appointment at Clifton Once installed, Davy set to 
work to complete an in\estigation, which he had already 
begun, on the phjsiological effects of nitrous oude In the 
course of many inhalations of the gas (greatly diluted with 

FIG I NOTES BY HICKMAN (1823) 
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Experiment 1st 

tPl! 1 * l00 ^ a P u PPy a month old and placed it on a P iec ® of 
surrounded by water over which I put a glass cover so as to prevent the access 
_ 3 ™°sph nc Air in ten minues he showed great marks of uneasiness m _i^ 
resptfation became difficult and m 17 Minutes ceased altogether at 18 Minutes 
{J™ off one of the Ears which was not followed by hemorrhage Respiration 
003 returned and the animal did not appear to be the least sensible of pain 
m three days the Ear was perfectly healed 

_ 2nd 

of i,^ < J* l>s a f l er the same pupp> was exposed to a decomposition of the o? 115 ^ 3 :^ 
suJ P han c Acid In 1 Minute respiration ceased I cut off the other 
anrvip 11 ,^ v, ^ s f°H ow,cd by very m fling hemorrhage and as before ffid n 
o?SSf«°v Uffcr My P aui m four days the wound healed The a “*T 1 ~ H 
pc muo a he seemed to require an additional quantity of food which induce 
me to weigh him and I found he gamed 9 oz 1 Dr & 24 grams in 9 days 

3rd April 6th 

the same puppy and proceeded as in Exper 1st and respiration 
ov*7^ tcd on . m much tbc same manner I cut off the tail and made an inasion 
v r “* muscles of the loins through which I passed a ligature and made it tight 
appearance of uneasiness until the day following when inflammation came 
h«E? su ^eqocnt suppuration The ligature came away on the 7th day wound 
cd on 1 -th and the dog is remarkably increased m size and now perfectly well 


air) Davy experienced its analgesic effects, both when he was 
suffering from headache and on the famous occasion when 
he was painfully cutting a wisdom-tooth This led him to 
suggest* that “As nitrous oxide m its extensive operation 
appears capable of destroying physical pam, it may probably 
be used with advantage during surgical operations in which 
no great effusion of blood takes place ” 

In 1801 Davy left Beddoes in order to take charge of the 
chemical laboratory of the Royal Institution in London 
Although he had been apprenticed to a surgeon and although 
he had stated that nitrous oxide might be used in surgery, 
after leaving Clifton he made no further attempt to mterest 
the medical profession m his discovery and the profession 
* itself ignored its significance 

At the Pneumatic Institution, however, Davy had frequently 
induced others to inhale nitrous oxide, in order to study its 
effects, and both the subjects of these experiments and 
onlookers had derived considerable amusement from the 
antics which light intoxication with the “ laughing gas ” 
produced After he had taken up his duties at the Royal 
Institution, Davy continued to entertain visitors by letting 
them inhale nitrous oxide, and such inhalations became 
fashionable When m 1818, it was suggested* (anonymously, 
though probably by Michael Faraday) that ether vapour 
would produce effects very similar to those of nitrous oxide, 
ether, too, was inhaled for amusement’s sake 


Pioneers of Inhalation Anaesthesia 
Henry Hill Hickman 

After studying the literature of pneumatic chemistry 
(although apparently not Davy’s monograph on nitrous 
oxide), Henry Hill Hickman, a young Shropshire geneial 
practitioner, came to the conclusion that the inhalation of 
carbonic-acid gas would harmlessly obtund the pam of 
surgical operations During 1823 he proceeded to put his 
theory to the test in a senes of minor operations performed 
on puppies, kittens and mice None of the animals showed 
any signs of pam during the removal of ears, tail or parts 
of limbs , all survived the ordeal without ill consequences 

(Fig 1) , , 

Despite the success of these experiments, an account ot 
which he published 7 in 1824, Hickman hesitated to apply 
his discovery to human beings without first gaming the 
support of other medical and scientific men In this he 
completely failed, both in England, where he approached 
the Royal Society, and in Pans where, in 1828, he petitioned 
Charles X for the co-operation of the Acaderme de Medecine* 

Crawford Williamson Long 

In the early eighteen-forties ether and nitrous oxide 
“ frolics ” were still a popular form of entertainment in 
Amenca and after a demonstration of the effects of “ laughing 
gas ” m’the State of Georgia, C W Long, a young general 
practitioner m the town of Jefferson, was asked by some of 
his fnends to arrange similar demonstrations to while away 
the evenings Unable to obtain nitrous oxide easily. Long 
provided ether vapour In the course of these ether frolics 
Long observed that he and others under the influence of the 
vapour frequently bruised and scratched themselves when 
stumbling about, >et did not feel any pain This led him to 
think that surgery might be painlessly performed on etherized 
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subjects and in 1842 he proved this supposition correct 
when he removed three small tumours from the neck of a lad 
who had willingly consented to inhale 9 During the next 
two years Long performed several other minor operations 
on etherized patients, but cases which Long thought suitable 
for such treatment were not frequent in his country practice, 
and although he meant to publish some account of his 
discovery when he had collected enough information, in fact 
he was forestalled by Horace Wells 

Ha, ace Wells 

Wells was a dentist, living at Hartford, Connecticut and 
m December, 1844, at a demonstration of the effects of 
inhaling nitrous oxide, which concluded a pseudo-scientihc 
lecture on the gas given by Gardner Quincy Colton, he made 
a discovery similar to Long s He too, noticed that a youth 
who stumbled into a bench after inhaling, appeared unaware 
of having severely barked his shins and he, too, was led to 
think that surgical pain similarly might be obtunded 
Accordingly, the next day Wells induced Colton to let him 
inhale nitrous oxide so that a colleague might extract a tooth 
from him The success of this operation led Wells to adopt 
the use of nitrous oxide in his dental practice 

Early in 1845, having done 15 painless extractions, Wells 
arranged (through a former dental partner, William Thomas 
Green Morton) to give a demonstration at the Massachusetts 
General Hospital in Boston Probably because the patient 
was a tough young student, because the bag of gas was too 
small and the inhalation too brief, the patient yelled lustily 


as his tooth came out, the audience scoffed and Wells was 
discredited 10 

Morton and the Adoption of Surgical Anaesthesia 

Profiting by Wells’s experience, W T G Morton came 
to the conclusion that surgical anaesthesia was practicable, 
although not with nitrous oxide The obvious alternative 
was ether vapour 

After spending much thought on the problem of how best 
to admtnister the vapour, and after obtaining a certain 
amount of sound advice, particularly that the ether used 
should be chemically pure, from the chemist C T Jackson, 
whose pupil Morton had once been, Morton succeeded, 
on 30 September, 1846, in painlessly extracting a tooth 
from Eben Frost 11 On that occasion the patient inhaled 
ether from a folded cloth 

Morton hastened to arrange another demonstration at the 
Massachusetts General Hospital On 16 October, 1846, 
Morton— this time using a valved glass flask containing an 
ether-soaked sponge (Fig 2) — convinced the assembled 
surgeons that surgical anaesthesia could effectively be induced 
and maintained The patient was not wholly unconscious 
during the operation — the removal of a tumour from beneath 
his jaw — but he afterwards said that he had suffered no pam 
and likened the feel of the knife to that of “ a blunt instru- 
ment passed roughly across his neck Morton was lucky 
to have succeeded so well on this occasion, for he arrived 
in the operating theatre late and flustered and the inhaler 
which he used had been devised only during the past twenty- 
four hours and there had been no time to test its efficiency 



FIG 2 MORTON’S 
ETHER INHALER (1846) 
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The Boston surgeons, however, were greatly impressed and 
the accounts of this demonstration which they gave to friends 
and colleagues, not only elsewhere in America but in the Old 
World, gamed immediate acceptance for etherization in 
surgery 



A The Urn with its stopper, into which the ether is poured 
£ Valve -which admits the air 
C Contains sponge saturated with ether 

D Valve which opens at each inspiration, and closes at each expiration 
JS Ferule for regulating the quantity of atmospheric an admitted 
F Valve for the escape of expired air 
G Mouthpiece 
H Lower vase 
I Spring for closing the nose 


The Use of Ether established in Europe 

The news reached the physician Francis 'Boott 13 at his 
house in Gower Street, London, in December 1846 It came 
from his Harvard fnend, Jacob Bigelow, whose son Henry 
had just read the first scientific paper on etherization, m 
Boston Boott immediately passed on the news to the 
surgeon Liston who, on 21 December, 1846, painlessly 
amputated a leg and removed a toe nail from two patients 
who had inhaled ether from an apparatus (Fig 3) improvised 
for the occasion by the Oxford Street chemist. Squire 1 * 

In France, although news had come directly from America 
to one or two surgeons, it was not until January, 1847, after 
accounts of many successful caSes had appeared in the 
English Press, that J F Malgaigne 10 was emboldened to try 
etherization for himself Others then followed his example 
and during the spring of 1847 most of the leading surgeons 
of Europe began tentatively to use anaesthesia 

Nearly all the early inhalers had certain serious imper- 
fections m common The glass flasks containing sponge 
often became so chilled through the vaporizing process that 
the process itself was progressively checked until the patient 
was breathing little more than ice-cold air — and that with 
difficulty — owing to the resistance offered by narrow tubing 
and imperfectly-acting valves Moreover, he had to breathe 
through a small tube held between his bps, his nostrils being 
pinched together by an assistant or by a nose-clip In these 
circumstances it was scarcely remarkable that the patient, 
instead of passing smoothly into unconsciousness, should 
have become so obstreperous that surgery was impossible 1 * 

Although Morton’s inhaler did not freeze up (because the 
administrator held it m his hand) and did not offer great 
resistance to breathing, its use was abandoned by the surgeons 
of the Massachusetts General Hospital in February, 1847, 
because Morton had applied for a patent for it They 
adopted instead, the use of a bell-shaped sponge which, 
having poured plenty of ether on to it, they applied firmly 



FIG 4 

ANAESTHESIA IN 1847 

An early photograph show- 
ing the administration of 
ether from a bell shaped 
sponge at the Massachusetts 
General Hospital in Boston 
Mass (1847) 
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FIG 5 JOHN 
SNOW (1813*58) 

Snow was the first 
to specialize in anaes- 
thesia In addition 
to the references in 
Dr Duncum’s paper, 
a short biographical 
note on Snow has 
been included else- 
where (BMB 83 6 ) 


FIG 6 SNOW’S 
CHLOROFORM 
INHALER (1847) 

The vaporizing 
chamber is shown 
in section 



Fhmuhf f/ Tient specialists to administer ana esthetics 
rnetnm ^ simplest possible means of administration were 
„„ n „ ,, ary> and 5mce ^ maintenance of anaesthesia was 
nrr,r a ^ r6 p rded as a necessary but uninteresting routine 
officer Ufe * )C tnS ^ Was rele S ated t0 a student or junior house 

Ftoauawt ^° £d as a desi S ner of apparatus and as the first 
p eta ist anaesthetist was the physician John Snow, of 

n on (rig 5) Immediately surgical anaesthesia had been 
genera y adopted Snow saw that its physiological effects 
must be investigated so that clinical practice could be based 
on scientific principles On the continent of Europe also, 
physiologists notably Flourens, 22 in Paris — investigated 
anaesthetic action, but they made no more than occasional 
suggestions to the clinicians, whereas Snow determined to 
devote his career not only to the study but to the practice of 
anaesthesia 

Having ascertained the volume of saturated ether vapour 
which a given quantity of air would contain at different 
temperatures. Snow, during the early months of 18 47, 
devised an inhaler in which the temperature of the vaporizing 
chamber was so regulated by a water-bath that a maximum 
of 30% ether vapour was contained in the air drawn from the 
inhaler by the patient’s inspiration The anaesthetic mixture 
could be further diluted with air by turning aside the 
expiratory valve on the facepiece — the valved facepiece itself 
being an innovation of Snow’s 13 
In November, 1847, Snow constructed, on a similar prin- 
ciple, a chloroform inhaler (Fig 6), which delivered what 
he considered to be the safe maximum of 5% chloroform 
vapour m the inhaled air 33 During the eighteen-fifties and 
early sixties this inhaler was taken as a model by the majority 
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of English anaesthetists In 1867, however, F E Junker, 
a doctor of medicine of Vienna, then working in London, 
devised an inhaler m which a stream of air was driven by 
a hand-bellows over or through a container of liquid 
anaesthetic, the mixture passing to a loosely fitting semi- 
sphencal facepiece with an expiratory port in the dome” 
This inhaler was originally mtended for B W Richardson’s 
recently-introduced bichloride of methylene, but it was 
quickly appropriated to the administration of chloroform 
and soon displaced other regulating chloroform inhalers 
Another who departed from Snow’s methods was Skinner, 
of Liverpool, who, m 1862, introduced the use of a small 
wire face-mask covered with fabric on to which chloroform 
was allowed to fall drop by drop from a specially adapted 
bottle 11 Both Junker’s inhaler and, more especially, 
Skinner’s mask became popular in Germany 

The Search for the “ Perfect ” Anaesthetic 
As the number of deaths from chloroform mounted, more 
and more people, while continuing to use the drug for want 
of a better, anxiously awaited the discovery of some new 
agent combining potency and ease of administration with 
safety A few people, notably Thomas Nunneley 17 , of 
Leeds, and John Snow *, undertook extensive researches m 
an attempt to find such a drug For a short time during 
1857 Snow thought that he had found it m amylene , but 
when two deaths occurred from its use m his own hands, he 
regretfully classed it, so far as safety went, as being superior 
to chloroform but still inferior to ether” 

In 1864 a Chloroform Committee (nominated by the Royal 
Medical and Chirurgical Society of Great Britain) reaffirmed, 
as a result of fresh experiments, that chloroform was more 
dangerous than ether because it was capable of directly 
paralysing the heart’s action, whereas the action of ether 
was primarily upon respiration, so that if an overdose were 
given artificial respiration would restore the patient The 
committee maintained, however, that the clinical use of ether 
was impracticable, and suggested that the best way to avoid the 
dilemma would be to use mixtures of chloroform and ether 
in the hope that each drug might counteract the disadvantages 
of the other Harley’s ACE mixture, 1 part alcohol, 
2 parts chloroform and 3 parts ether, was particularly 
recommended 10 

Although such mixtures did not immediately prove 
popular, despite the fact that an obstetrician named Robert 
Elhs devised a most ingenious inhaler for their use 11 , a few 
people took to inducing anaesthesia with chloroform and 
then changing to ether for maintenance The committee’s 
report marks the end in England both of the exclusive use 
of chloroform and of the hope that any one perfect, all- 
purpose drug could be discovered 

The Re-introduction of Nitrous Oxide into Dentistry 
Although the Americans continued exclusively to use 
ether given by the towel-cone method in general surgery, 
in 1863 they readopted the use of nitrous oxide for dental 
surgery This came about through G Q Colton, who had 
been the cause of Wells’s use of the gas m 1844 In 1862 
Colton was still travelling about the States describing and 
demonstrating the effects of nitrous oxide, when it happened 
that he was persuaded actually to anaesthetize an old lady 
for a dental extraction This proved so successful that 
similar cases were undertaken and it occurred to Colton that 


here was a much more satisfactory occupation than that of 
itinerant lecturer In 1863, therefore, he founded the Colton 
Dental Association in New York 11 During the International 
Exhibition in Pans in 1867 he taught the fashionable 


FIG 7 AMERICAN COMBINED 
APPARATUS 


American-born 
Parisian dentist, T 
W Evans, how to 


make and use the 


j gas, and in the 



i 


The apparatus includes a generator, a 
gasometer and an inhaling tube for 
nitrous oxide anaesthesia (1863) 


following year, 1868, 
Evans travelled to 
London in order to 
pass on the know- 
ledge to the “ chloro- 
formists ” 33 
The American 
method of admin- 
istering nitrous oxide, 
demonstrated by 
Evans in London, 
was to store the gen- 
erated gas m a coun- 
terpoised gasometer 
from which the 
patient drew it 
through a length of 
rubber tubing and a 
mouthpiece, his nos- 
trils being pinched 
together as in the 


earliest days of ether- 
ization (Fig 7) Al- 
ternatively, gas was 
drawn off from the 
gasometer mto a rub- 
ber bag from which 
the patient inhaled — 
the method Wells had 
used, although the bag 
was now larger It 
immediately occurred to 
the London anaesthet- 
ists that these methods 
could be improv ed upon 
During the course of 
the year 1868 nitrous 
oxide was compressed 
(first done by Faraday 34 
in 1823) and made avail- 
able m cylinders on a 
commercial scale 30 
When the tap of the 
cylinder was opened, the 
gas flowed along narrow 
tubing mto a reservoir 
bag (added to the appar- 
atus at the suggesuon 


FIG 8 J T CLOVER (1825-82) 



Clover was an early specialist in 
anaesthesia and his name h-s been 
perpetuated by the Clover inhaler 
(From an original photograph in the 
Nuffield Dept, of Anaesthetics 
Oxford ) 


of a dennst named Catthn) and thence it travelled along wide- 
bored tubing to a Snows type of facepiece improved by 
J T Clover (Fig 8), who, after Snows death in 1858, was 
acknowledged the leader of the anaestheuc profession Clover 
also suggested the use of a small rebreatlung bag attached 
to the facepiece, which could be brought in and out of use 
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as required, by means of a stopcock and adaptable valves 
(Fig 9) 38 . 



Narrow tubing from the cylinder leads the gas into the Cattitn’s 
bag Thence it passes to a stopcock and facepiece from which 
hangs Clover’s rebreathmg bag 


The Use of Ether Revived m England 

About 1870 one or two people in England made a tentative 
retrial of ether anaesthesia Notable among these were 
J Warrington Haward, of St George’s Hospital, London, 
and J T Clover, who was already experimenting with a 
nitrous-oxide-ether sequence 37 In 1872 B Joy Jeffries, an 
ophthalmic surgeon from Boston, Massachusetts, came to 
London to attend an ophthalmological conference At the 
same time he was determined to convert the London “ chloro- 
formists ” to the towel-cone method of administering ether 
He arranged a senes of demonstrations at vanous London 
hospitals where he folded up his towel with all possible 
dexterity, pushed a sponge into the apex, poured in a great 
deal of ether and clapped it down on to the patient’s face, 
holding it firmly in place despite the victim’s initial coughs 
and struggles 38 Tough as these methods appeared to the 
cautious English anaesthetists, they were undeniably successful 
Soon they were being enthusiastically copied by professional 
anaesthetists not only m London but in the provinces 33 

Once the use of ether was firmly re-established, however, 
the national preference for mechanical inhalers began to 
assert itself Between 1874 and 1876 Clover 10 , for example, 
was busy developing an apparatus which combined the 
pleasantness of nitrous oxide for induction with the safety 
of ether for maintenance (Fig 10) In 1877 he 11 produced 
his portable regulating ether inhaler (Fig 11), on which his 
fame now chiefly rests, but which he himself considered 
merely as a second-best substitute for his gas-and-ether 
apparatus Also in 1877 the surgeon L H Ormsby 13 intro- 
duced his ether inhaler— -a rubber bag attached to a facepiece 
with an adjustable air port, and in the mouth of the bag a 
cage containing sponge on to which the ether was poured 
(Fig 12) For many years Ormsby’s ether inhaler rivalled 
Clover’s in popularity 


Anaesthetic Development on the Continent 

On the continent of Europe the development of nitrous 
oxide anaesthesia was interrupted by the Franco-Prussian 
War of 1870, and interest in it was not revived until 1878 
Then the physiologist Paul Bert 13 suggested that instead of 
the usual method of administering nitrous oxide undiluted 
with air, which meant that asphyxial symptoms inevitably 
appeared, 50% nitrous oxide and 50% air should be adrmms 
tered under a positive pressure of two atmospheres. Bert’s 
“ anaesthetic car a mobile operating theatre in which 
surgeon, assistants and patient were alike subjected to 
increased atmospheric pressure, plied for a year or two 
between the hospitals of Pans, but was finally abandoned 
Bert then proposed 15 the use of oxygen with nitrous oxide at 
normal pressure This had already been tned by Andrews* 1 , 
of Chicago, in 1869 Neither the Amencans nor the French 
showed much enthusiasm for such a mixture, and gas-and 
oxygen anaesthesia was developed independently by the 
Russian obstetncian Klikowitsch 17 , by vanous dentists m 
Austria and Germany, notably Hilhscher 18 , of Vienna, and 
finally by the specialist anaesthetist, F. W Hewitt 1 *, in 
England, who greatly improved the apparatus for its 
administration 

No doubt because of the troubled times following the 
Franco-Prussian War, the revival of ether anaesthesia m 
England largely escaped notice on the Continent The 
surgeon Julhard 50 , of Geneva, discarded the use of chloro- 
form for that of ether in 1877, however, administering it 
from a large, loosely fitting wire face-mask (Fig 13) with a 
rosette of flannel in the dome on to which the ether was 
poured, the whole mask being covered outside with waxed 
silk in order to exclude the external air* 

FIG 10 CLOVER’S NITROUS-OXIDE-AND ETHER 
APPARATUS (1876) 
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During the eighteen-eighties the Copenhagen surgeon 
Wanscher 53 introduced the use of ether — given either rectally 
or by inhalation — into Danish practice His inhaler resembled 
Ormsby’s except that there was no cage to hold a sponge, 
the liquid ether being poured straight into the bag, and there 
was no air port in the facepiece 
The use of Julliard’s method spread northwards from 



Geneva and by 1890 had reached Tubingen in South 
Germany 51 , at about the same time Wanscher’s inhalation 
method was adopted by Landau 55 at his gynaecological 
clinic m Berlin 

At the Tenth International Congress of Medicine, held in 
Berlin in 1890, Professor Horatio Wood 51 , of Philadelphia, 
read a paper stressing, with the aid of statistics, the far 
greater safety of ether anaesthesia as compared with that of 
chloroform As a result of this paper the surgeon Gurlt, 
of Berlin, independently compiled statistics at the request 
of the German Surgical Society, and these succeeded in 
convincing German surgeons that etherization was worth 
retrial 5 ’ 

By about 1894 ether was being widely used in Germany 
and the surgical profession was divided into two factions — 
those who preferred Wanscher s inhaler and those who 
preferred Julhard’s mask By the close of the century, 
however, enthusiasm had waned, for many German surgeons 
ad come to the conclusion that although ether was safer 
uring the actual time of operation, its advantages were 
outweighed by the post-operative chest complications which 
a BP ea £ e d to them to be inseparable from its use 5 * 

In France a few surgeons, following the German example, 
reuved the use of ether in and after 1895 s ’ Hitherto those 
surgeons who wished to minimize the dangers of chloroform 
ad done so by adopting the ‘ mixed anaesthesia ’ suggested 


by Claude Bernard 50 about 1869 and developed by the 
surgeons Labbe and Guyon 51 This consisted in giving the 
patient a preliminary subcutaneous dose of morphine in 
order to prolong anaesthesia and at the same time reduce 
the amount of chloroform necessary 
During the late eighteen-seventies the belief became 
prevalent that inhibition of the heart’s action so often observed 
during chloroform anaesthesia was due to stimulation of 
the vagus nerve by the drug It was further believed that 
this danger could be averted by paralysing the vagi with 
atropine In 1883 Dastre", of Lyons, suggested adding the 
“ protective ” action of atropine to the advantages of 
morphine-chloroform anaesthesia, and he stated also that 
atropme would prevent the nausea caused by morphine 
Premedication as it is known to-day developed only after 
1900, however, as a direct outcome of Cnle’s warnings 
against the dangers of surgical shock 

The Development of Non-Inhalation Anaesthesia 
Although immediately upon the universal adoption of 
anaesthesia during the winter of 1846-7, surgical operations 
were made more endurable and more easy of performance 
for the surgeon, nevertheless as time passed the patients 
chances of ultimate recovery worsened rather than improved, 
owing to the steadily-increasing occurrence of various septic 
conditions classed together under the name hospitalism 
A survey 53 made m 1861 showed that m the hospitals of 
Pans 3 out of 5 patients died from septic infection following 
amputation, while in London 1 out of 3 died 


FIG 13 JULLIARD’S ETHER MASK 



held round 
the patient s 
face during 
induction 
t further ex 
j eludes air 


In 1867 Joseph Lister 51 then professor of surgery at 
Glasgow, began to publish accounts of operations performed 
under antiseptic conditions The elaborate procedure which 
Lister at first thought necessary did not appeal to his fellow- 
countrymen, but German surgeons who, on the eve of the 
Franco-Prussian War had been studying foreign surgical 
methods, used Listers antiseptic precautions during the war 
itself and found them so successful that they continued to use 
them 15 Gradually the antiseptic routine was modified until 
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by the eighteen-eighties it had been completely discarded in 
favour of asepsis by steam-sterilization 

The stimulus which the treatment of battle-casualties had 
given to German surgery — already served by such able men 
as Langenbeck and Ernst von Bergmann— and the increasing 
control of sepsis, led during the eighteen-eighties to rapid 
progress in the field of visceral surgery American surgeons, 
who were then closely observing German advances and had 
enthusiastically adopted aseptic methods, were not slow in 
developmg visceral surgery on their own account 

As surgical procedure became more delicate, the fact 
became increasingly obvious both m Germany and America, 
that anaesthesia was a far more important adjunct than it had 
until then been considered, and many surgeons looked with 
envy at the English system of specialist administrators 
During the eighteen-nineties, indeed, anaesthesia began to 
become a profession in the United States 44 , but another 
approach to solving the difficulties of anaesthesia was already 
being made there, as well as in Germany, by the surgeons 
themselves preparing a painless operating field by local 
methods 

In 1884 the ophthalmic surgeon Carl Roller 4 7 reported his 
successful use of a solution of cocaine m anaesthetizing the 
cornea, and soon cocaine was being widely used, both painted 
on mucous surfaces and injected hypodermically The method 
of infiltration anaesthesia, developed first by Reclus 48 in Paris 
about 1886 and then by Schleich 48 in Berlin about 1891, was 
the only one to become firmly established before the close of 
the nineteenth century Nevertheless the American surgeon 
Halsted had already laid the foundations of regional anaes- 
thesia when, during the winter of 1884, he dissected out the 
brachial plexus, having first blocked the nerve-roots in the 
neck with cocaine solution 70 , and the neurologist Leonard 
Coming 71 , of New York, had shown in 1885 that spinal 
anaesthesia was practicable 


While in England a few surgeons interested themselves in 
these developments in non-mhalation anaesthesia, the 
specialist anaesthetist viewed them either with disapproval 
or with apathy In the first place he considered, with some 
justification, that he was able to provide satisfactory operating 
conditions by inhalation anaesthesia, and secondly he was 
no doubt biased in that he could not straightway command 
the skill to practise the new techniques even if he wished. 

The Anaesthetic Position at the Close of the Nineteenth Century 

At the tune of the jubilee of ether anaesthesia in 1896 and 
of chloroform m the following year, the anaesthetic position 
as a whole naturally came under review It was generally 
agreed that progress during those past fifty years had not 
been m keeping with the enormous advance made when 
surgical anaesthesia was adopted in the first instance 

The Scots remained content with a simple but effective 
routine method of chloroform anaesthesia which had scarcely 
changed since Simpson introduced it The English— as a 
result of the Hyderabad Chloroform Commissions 7 - of 1888 
and 1889 were, at the time of the jubilees, once more hotly 
debating the nval merits of ether and chloroform, and although 
their methods of inhalation anaesthesia were the most highly 
organized m the world and their specialist administrators 
the most expert, nevertheless they had to admit that the 
training given to the non-specialist and occasional anaesthetist 
left much to be desired 73 On the continent of Europe the 
advantages of employing specialist anaesthetists were not 
recognized, and indeed many surgeons, following the German 
example, were seeking to replace inhalation by non-inhalation 
methods which they believed were proving superior and which 
enabled them to take sole charge of anaesthesia In the 
United States a similar tendency to develop non-inhalation 
anaesthesia was evident, but there the need for intensively 
trained administrators was at last beginning to be appreciated 
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THE HUNDREDTH YEAR OF 
ANAESTHESIA 

A Short Survey of Modern Anaesthetic Practice 
G S W ORGANE, MD,D A 

Honorary iraesthetist, Westminster Hospital , Joint Lecturer m 
Anaesthetics, U'estmmster Hospital School of Medicine 

On 21 December 1846, a major operation was performed 
under general anaesthesia for the first time in England 
After nearly a hundred years it seems appropriate to review 
the progress and present practice of anaesthetics in this 
country 

In London and m many of the larger provincial centres 
the work is done mainly by specialist anaesthetists It is 
now a condition of appointment to the staff of a hospital 
attached to a school of medicine that one should be engaged 
solely in the practice of anaesthetics , it is recognized that, 
with advancing knowledge and consequent elaboration of 
technique, the highest standards cannot otherwise be reached 
This is a comparatively recent development and there are 
many of the older anaesthetists who are also general prac- 
titioners A few of these remain resolutely opposed to 
modem methods, but there can be little doubt that many of 
the recent advances in surgery have been made possible by 
these methods 

AGENTS 

Ether 

Of anaesthetic agents, ether — the first to be employed m 
this country — remains the most popular, though some 
anaesthetists have abandoned it entirely I find there are 
still many cases m which its use is appropriate — m spite of 
some extravagant claims there is, as yet, no drug or com- 
bination of drugs that is universally applicable It is no 
longer held that the inhalation of ether vapour is an important 
factor in the producUon of post-operative chest complications 

Chloroform 

Chloroform is still used in some cases where there may 
be nsk of explosion from the diathermy cautery Some 
obstetricians prefer it for midwifery , although primary 
heart-failure is almost unknown, there is no 'good reason 
to suppose that pregnant women are less liable than others 
to the toxic after-effects 

Ethyl Chloride 

Ethyl chloride is widely regarded as being unnecessarily 
dangerous, but it is still used, because of its rapid effect, for 
inducUon of anaesthesia in children and for short operations 
such as tooth-extraction 


Vinyl Ether 

Vinyl ether (vmesthene) is not much used because of its 
high cost, though it is greatly superior to ethyl chloride in 
similar procedures Some anaesthetists use a mixture of 
'myl ether with ethyl ether which combines many of the 
advantages of each 


Tnchlorethylene 

Trichlorethylene (tnlene) has been given an extensive 
Inal 1 but is not generally accepted Its high potency and 
low volatility make its use extremely economical and it has 
the advantages of being relatively non-imtant and non- 
inflammable Cardiac irregularities are frequent 2 though, 
probably, unimportant and it may produce a marked 
tachypnoea— the respiratory rate may rise to 80 or 90 per 
minute Muscular relaxation is poor, and it should not be 
used to produce deep anaesthesia For fight anaesthesia, 
used as an adjuvant to nitrous oxide, it is probably quite 
safe Some deaths have been reported following its use in 
a closed circuit Lethal decomposition-products resulted 
from its interaction with the hot soda-lime used to absorb 
carbon dioxide 3 


Ethylene 

Ethylene has not been used to any extent since the intro- 
duction of cyclopropane Cyclopropane is widely popular 
and is especially suitable for intrathoracic and for upper 
abdominal surgery It is not irritant to the lungs and can 
be used with a high proportion of oxygen and, being a 
marked respiratory depressant, it lends itself easily to the 
technique known as “ controlled respiration ” 1 Following 
a period of over-ventilation of the lungs, at a suitable depth 
of anaesthesia, spontaneous breathing ceases , artificial 
respiration is then maintained by the anaesthetist and is 
timed to avoid interference with the actions of the surgeon 
Normal breathing can be restored very rapidly, at will, by 
reducing the concentration of cyclopropane Recovery of 
consciousness is as rapid as after nitrous oxide 

Nitrous Oxide 

Nitrous oxide is the agent most commonly used for minor 
dentistry and for other minor operations in ambulatory 
patients — always with oxygen Opinion is divided on its 
mode of use with more potent agents, such as ether, in 
major surgery Some hold that its part is merely that of a 
vehicle for ether vapour and, accordingly, will reduce its 
concentration to equal parts with oxygen , others, including 
myself, feel that it can be made to play a much more important 
part, with consequent reduction m the quantity needed of 
the more toxic agents We aim to produce a steady basal 
level of anaesthesia using, most commonly, about 85% 
nitrous oxide with 15% oxygen, and to vary the depth below 
this basal level by varying the concentration of ether Nitrous 
oxide is now widely used, in the same way, as an adjuvant 
to intravenous anaesthetics 5 Its use m midwifery will be 
discussed later 


Barbiturates 


Thiopentone (pentothal) has largely replaced hexobarbitone 
(evipan) Some anaesthetists use it for all types of operation 
including even upper abdominal and intrathoracic surgery 
Others regard this as unwise because of the prolonged post- 
operative unconsciousness that follows the large doses 
required Used with nitrous oxide and oxygen the necessary 
dose is halved and its scope thereby extended. 5 In many 
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hospitals it is the practice to induce anaesthesia with thio- 
pentone whatever the mam agent is to be, a move that finds 
great favour with the patients A firm of English manu- 
facturing chemists has recently produced thiopentone by 
three different methods and the samples are now undergoing 
clinical trial It is interesting to note that, although chemi- 
cally indistinguishable, each shows slight pharmacological 
differences from the others and from pentothal A new 
thiobarbiturate, kemithal, is shortly to be described in the 
medical press Although less potent than thiopentone, the 
course of anaesthesia and recovery is very si milar and it 
appears to have some advantages, notably, less marked 
respiratory depression and a much reduced tendency to 
cause laryngeal spasm, which constitute the chief dangers 
with thiopentone 

TECHNIQUES 

Ethyl chloride, ether and chloroform are frequently 
administered by the open drop method, using a Schimmel- 
busch type of mask The Nuffield Department of Anaesthetics 
has produced a device, the Oxford Vaporizer, which is 
calibrated to deliver known proportions of ether vapour, 
up to 25 % 0 As generally used, air is drawn by the patient’s 
inspiration across the surface of liquid ether The ether is 
maintained at a constant temperature by a water-bath, 
buffered by an intervening layer of hydrated calcium chloride 
crystals which melt at 29° C This represents a great advance 
on any other method of administering ether and has proved 
especially valuable for battle casualties 

Most inhalation anaesthetics are given with a mtrous- 
oxide-oxygen-ether apparatus, some form of which is now 
available at hospitals throughout the country The gases 
are supplied from cylinders attached to the apparatus or, 
m some of the more modern hospitals, are led by pipe-line 
from a centrally-situated battery of large-capacity cylinders 
In such institutions oxygen is laid on to each ward, and there 
is available also a supply of nitrous oxide which may be 
requned for the performance of painful dressings The 
gases are measured by flowmeters— the Rotameter is the 
present favourite and seems to be sufficiently accurate — one 
each for nitrous oxide and for oxygen and one for carbon 
dioxide or cyclopropane In the standard type of apparatus 
there are two bottles through which the gases can be passed, 
one containing ether and the other chloroform, trilene or 
vmesthene-ether mixture 

Carbon-dioxide-absorption 

Closed-ether anaesthesia without absorption of carbon 
dioxide has largely been abandoned as undesirable and 
archaic The carbon-dioxide-absorption technique is widely 
used, having been developed mainly since the introduction 
of cyclopropane, the high cost of which made some closed 
system essential to avoid waste It is extremely economical 
m use and is particularly valuable in districts where supplies 
of anaesthetic gases are not readily available It also makes 
it possible to employ inflammable anaesthetics m cases where 
the surgeon is using the diathermy cautery The warmth 
and moistness of the inspired gases make an appreciable 
contribution to the prevention of operative shock Carbon 
dioxide is absorbed m a canister of soda-lime which may be 
placed close to the patient’s face or, m the circuit type of 

» (See Figure in BMB 829 —Ed ] 


apparatus, is mounted on the anaesthetic trolley Then 
are two mam types of closed circuit apparatus manufactured 
m this country— the M I E (Medical and Industrial Equip 
ment. Ltd ) and the Coxeter-Mushin (A Charles King, Ltd > 
Both are very efficient 

Tracheal Intubation 

J here have been no important recent changes in the 
mique of tracheal intubation. There is a widespread 
tendency, with which I do not agree, to use the oral rather 
than the nasal route where possible, on the ground that a 
tube of larger calibre can then be employed. Some anaes- 
thetists mtubate the trachea on all possible occasions, to ensure 
a free airway This is an abuse of the method , it is better 
to restrict it to maxilio-facial, intracranial and throat-and-nose 
surgery where the anaesthetist has not free access to the 
head, to cases where there is danger of blood, pus or vomitus 
passing down the trachea, and to intrathoracic surgery 
For nose and throat operations the addition of a pharyngeal 
pack gives full protection , where, as with intestinal obstruc- 
tion, profuse vomiting may be expected or where an air-tight 
fit is needed for closed-circuit anaesthesia a tube is used 
provided with a rubber cuff which can be inflated in the 
trachea 


Local and Regional Block 

There has been a revival of interest in local and regional 
nerve block following its adoption by anaesthetists A 
bilateral intercostal nerve block, usually combined with light 
general anaesthesia, has been found especially valuable for 
difficult upper-abdominal operations Using amethocame 
(decicaine) or nupercame, anaesthesia and muscular relaxa- 
tion last well over three hours The latest development is 
the bilateral vagal nerve block at its point of emergence 
from the skull 7 Although complicated by the fact that the 
glossopharyngeal nerve is commonly involved, it is likely 
to prove of value for such operations as laryngectomy 
Extradural block by the method of Doghotti has been tried, 
but it is generally felt that its advantages do not compensate 
for the risks involved Extradural caudal block is used by 
James, Galley® and some others and can be employed even 
for upper-abdominal surgery 


Spinal Block 

Spinal anaesthesia has its antagonists and protagonists, 
both groups holding extreme views, but, in general, it 13 
less frequently employed than before Nupercame is ® 
drug of choice, though amethocame and procaine (novocame; 
are preferred by some anaesthetists Great concern 
been caused by the occurrence of a number of cases 
meningitis, many fatal Some have been shown to J0 
to gross faults of technique, but others remain o scu 
Continuous smnal anaesthesia has been used by Lee 


ENERAL CONDITION OF THE PATIENT 
Much has been learnt about the treatment of wound shoe 
id the prevention of operative shock— work that is 
ore and more within the province of the anaesthetis 
result of experie nce with battle casualties and _ ____ 

' Mushin, W w (1945) Proc toy Sac 38, 308 
•Dawkins C J M (1945 ) Proc roy St*Med3t.J9 
•Galley, A H (1945) Proc roy Soc Med 38, 3«-> 
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casualties Emphasis is laid upon the restoration of circulating 
blood \olume by intravenous infusion of scrum, plasma and 
blood, which is thought to be more effective than the in- 
jection of stimulant drugs m shock The same measures 
are now used more frequently to prevent or delay shock in 
severe operations , a slow dnp transfusion of blood is the 
rule in major thoracic surgery I have given as much as 
five litres of blood during a transthoracic gastro-oesophagec- 
tomy for a carcinoma that would, until recently, have been 
considered inoperable It seems probable, with advancing 
knowledge, that a time may come when no operation, within 
the competence and the endurance of the surgeon, will be 
thought impossible even on a patient in poor condition It 
is not thought that the choice of anaesthetic agent in a 
pauent suffering from shock is as important a factor as 
the skill and experience of the anaesthetist, but it is best to 
keep general anaesthesia at as light a plane as possible, 
using free injection of local anaesthetics to produce any 
necessary muscular relaxation l - 

SPECIAL APPLICATIONS 

Plastic Surgery 

All major plastic surgery is undertaken under general 
anaesthesia, with tracheal intubauon where indicated by 
the site of operation Recent severe injuries to the lower 
jaw present a difficult problem as the airway is often already 
partly obstructed and will become completely so with loss 
of consciousness In such cases it has been found best to 
give a rapid injecuon of one gramme or more of thiopentone 
— m otherwise fit patients — to clear the throat of blood or 
debns under direct vision down a laryngoscope and then 
to pass an endotracheal tube with an inflatable tracheal cuff 
Anaesthesia is maintained in the usual way 

Nose and Throat Surgery 

Tracheal mtubation is also the rule in nose and throat 
surgery, including tonsillectomy, except in very young 
children Intravenous anaesthesia for such cases, without 
intubation, is considered dangerous because of the risk of 
aspiration of blood Bronchoscopy is performed under local 
anaesthesia in adults, sometimes with thiopentone as well 
For oesophagoscopy general anaesthesia is preferred , after 
alarming experiences with thiopentone, which have 
been shared by others, I feel it is wisest to use an oral endo- 
tracheal tube Some anaesthetists use regional block 
anaesthesia for operations on the maxillary antrum, apparently 
v,lt h great success IJ 


Intrathoracic Surgery 

Spinal anaesthesia has been tried for intrathoracic opera- 
10 ns and abandoned because of the great fall in blood- 
Pressure For lobectomy and for operations on the heart 
°r main arteries, it is customary to use an endotracheal 
cuffed tube , where, as with bronchiectasis, there is much 
S€ cre t ion, this is aspirated from time to time through a 
ca '| le * er passed down the tracheal tube For pneumonectomy 
th °^ onc hial mtubation is convement as, by this means, 
e affected lung is completely shut off Some anaesthetists 
, ’ ^ ns taad, a catheter fitted with an inflatable rubber cuff 
! ch is passed down a bronchoscope mto the mam bronchus 
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of the affected lung 11 The bronchoscope is then withdrawn, 
the cuff inflated, and an ordinary cuffed tube passed, beside 
the catheter, into the trachea with the aid of a laryngoscope 
This method can be used for lower lobectomy, the endo- 
bronchial cuffed catheter being passed beyond the opening 
of the upper lobe bronchus Controlled respiration is main- 
tamed under cyclopropane anaesthesia or, more rarely, 
with thiopentone Thoracoplasty is performed, usually, 
under local anaesthesia composed of brachial plexus block, 
intercostal or paravertebral block and local infiltration of 
the line of incision 


Children 

It is considered important, where possible, to employ some 
form of basal narcosis before anaesthesia m children over 
one year old Hexobarbitone, thiopentone, paraldehyde 
or bromethol (avertm) are given per rectum, or pentobarbitone 
(nembutal) or seconal by mouth Nitrous oxide with oxygen 
and minimal quantities of ether is entirely satisfactory for 
maintenance of anaesthesia, even in very young children, 
but requires more than usual care as the margm between 
anaesthesia and anoxia is small 

Midwiferv 

For midwifery there are almost as many methods as 
there are practitioners 15 The most important drugs m use 
are omnopon scopolamine, pethidine (dolantm, demerol), 
pentobarbitone, tnlene, chloroform and nitrous oxide My 
own preference is for pethidine in the early stages of labour, 
nitrous oxide intermittently in the later stages and cyclo- 
propane during the actual birth Midwives are allowed to 
use nitrous-oxide air m fixed proportions and the apparatus 
designed by Mmmtt for this purpose has proved of value 16 
Galley and some others are ardent advocates of extradural 
caudal block 17 For caesarean section, general anaesthesia 
with cyclopropane or nitrous-oxide-oxygen-ether is usual 
Intravenous anaesthesia has been used 18 but leads to more 
frequent stillbirth, partly because of foetal respiratory 
depression and partly because the increased uterine irri- 
tability may lead to delay in delivery Doghotti’s extradural 
block has been used by pupils of Dawkins The suitability 
of spinal anaesthesia for delivery by any route is a matter 
for dispute that is, as yet, unresolved 


RESEARCH AND TEACHING 

Interest in research was stimulated by the foundation in 
1937 of a chair of anaesthetics at Oxford University, occupied 
by Prof R R Macintosh Among other matters his work 
has included the development of the Oxford Vaporizer, a 
new laryngoscope, intravenous morphine, alcohol and ether 
anaesthesia, intrastemal dnp anaesthesia with avertm, and 
various techniques of regional nerve block, including vagal 
block Investigation of post-operative comphcaUons has 
been helped by the publication by Nosworthy of a combined 
anaesthetic chart and record card, which is now in general 
use ^ 

An important recent development has been the use of 
d tubocuranne chlonde m anaesthesia, which is discussed else- 
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where in this number 20 This is a preparation of one of the 
alkaloids of crude curare, which has been tried by a number 
of anaesthetists In suitable doses it produces profound 
muscular relaxation and its use, combined with light general 
anaesthesia, promises to be the most revolutionary advance 
of a century. The cardiovascular system is unaffected and 
there is a remarkable freedom from operative shock after 
even the most drastic procedures It is, unfortunately, in 
very short supply and must remain for some time m the 
experimental stage 

Undergraduate teaching consists of lectures and demon- 
strations and of the administration, under supervision, of at 
least twelve anaesthetics A series of eleven films on anaes- 
thetics, suitable for undergraduate students, has recently 

been completed at the Westminster Hospital 11 Courses of 
_____________ - ™~* 

“ [See BMB 848, in this number — Ed ] 


postgraduate lectures and demonstrations are organized by 
the Fellowship of Medicine at Oxford and m London and 
are attended by candidates for the Diploma in Anaesthetics 
Possession of this diploma is regarded as a minimal qualifi- 
cation m the specialty It is probable that a higher degree 
will be instituted in the near future. 

* * * 

It is difficult, in a short paper, to give more than a very 
superficial account of the practice of anaesthetics m Great 
Britain It can be said that interest in this branch of medicine 
has never been more lively and that we hope, in the near 
future, to make great strides towards the perfection of our 
art The extension of the duties of the anaesthetist to include 
all forms of resuscitation and many aspects of post-operatne 
care will, it is hoped, attract a better class of recruit than has 
sometimes been forthcoming in the past 


829 


THE EVOLUTION OF ANAESTHETIC APPARATUS 

A Brief Pictorial Survey. A CHARLES KING 



nitrous oxide 


1646 SQUIRE'S ETHER INHALER Robert 
Liston performed two operations at University 
College Hospital and to both patients ether was 
administered by Peter Squire chemist of London, 
who had devised an inhafer consisting of a glasj 
body with a brass top [This apparatus is shown 
in BMB 027, Fig 3J 



46 MORtON’S ETHER INHALER^ 

leration performed by Dr J C administered 

usetts General Hospital. B ° st< ’"'. . ^ h)C h consisted 
her to the patient, usin2 ^' s h "L .^ted a wooden 
a glass container into which v^ ^te 
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1847 SNOW’S CHLOROFORM 
INHALER. An outer metal cylinder 
for cold water lurrounded an Inner 
cylinder pierced with numerous air- 
holes and containing two colls of stout 
bibulous paper Air slots were cut In 
the paper and sufficient chloroform only 
to permit clear passage was poured In 
The facepiece was of leather or sheet- 
lead, with Inspiratory and expiratory 
valves 


1847 SNOW'S ETHER INHALER 

Ether vapour was Inhaled by the patient 
through a mouth tube fitted with cedar- 
wood ball valves Air was admitted to 
the vapour at one side of the apparatus 
and drawn over and round the spiral 
chamber depicted This apparatus was 
used at St George s Hospital 


CLOVER’S CHLOROFORM BAG INHALER A mix- 
ture of thirty to forty minims of chloroform for every thousand 
cubic Inches of air was pumped Into a bag of known capacity, which 
when full allowed for several administrations The facepiece con- 
tained control valves to give either air or a mixture of air and 
chloroform vapour 
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1864 ELLIS’S ALCOHOL AND ETHER INHALER. 

This inhaler was used for mixed anaesthetic vapours 
Separate compartments were supplied for alcohol and 
ether in measured quantities By revolving the inhaler 
on the angled socket, the proportion of mixture was 
controlled and Indicated on the engraved scale 

1867 JUNKER’S CHLOROFORM INHALER. Hand bellows 
were the motive power in Junker s inhaler driving air through the 
chloroform Later valves were incorporated to prevent liquid 
chloroform being directed to the patient 
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1871 TRENDELENBURG'S TRA- 
CHEAL APPARATUS Although 
Snow In 1858 had described a method of 
tracheal anaesthesia in animals, it was 
not until 1871 that Trendelenburg used 
this method in man After preliminary 
tracheotomy he Inserted a wide-bore 
tube with inflatable cuff and maintained 
anaesthesia by dropping chloroform on 
to a gauze-covered funnel attached to 
the tube 




APWwAh?'!? NITROUS- OXIDE 
APPARATUS Nitrous oxide was usually 
prepared In the dental surgery by heatine 
ammonium nitrate In a retort, passing the 
gas through a series of wash bottles to a 
gas holder 
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•W 7 CLOVER’S REGULATING 
ETHER INHALER This great forward 
stride in apparatus was the basis of many 
mechanical principles In use to-day Many 
modifications followed, the most important 
being the enlargement of the inner bore 
suggested by Wilson Smith in 1908 and 
carried Into practice by Hewitt in 1909, 
together with an improved drum control 

Mtir 2K0 V , £ ?rL l ?l TK j°y S - OX,DE AND- ETHER APPARATUS 
mtreiiOCS “f5*“C ul Clover pobluhed dead, of hit 

Ippimu * Nitrous °*'de supplied from . 
and for>vjrdi C ft^ r »'Tf OUrClm i.* ( J omir 5 1 ' n ' olr brtithcd bsckwsrds 
required * bl * * LU 5 t ’ ,si to * ficepiece Air wis admitted it 

required libit appiratu. I. shown in EM 3 817, Fij 10 






1882 BEARb’S PRESSURE-REDUCING VALVE 
To ensure a regular supply of gas IS the cylinder 
pressure fell Beard patented his prhssure-redudng 
valve A bellows was llfted^under pressure and in so 
doing drove down a screw thread Into an orifice 
partially blocking It thus reducing the rush of gas at 
high pressure 

1891 HEWITT’S NITROUS-OXlOE AND-OXYGEN 
APPARATUS The first practical mtrous-oxide-and- 
oxygen apparatus of which the principle was to maintain by 
foot key control equal pressures of nitrous oxide and oxygen 
whilst hand manipulation of a regulating stopcock and mixing 
chamber governed the percentage of oxygen added to the 
nitrous oxide administered 
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1892 HfeWlTT’5 MIXTURE-REGULATING 
STOPCOCK. Observation of the pointer as It was 
moved over the scale marked on the side of the 
stopcock showed the percentage of oxygen being 
given 
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1699 CLARKE’S NmiOUS-OXlDE- 
ANO-OXYGEN APPARATUS. This I 
very similar to the S S White a P^| ' 
which employed Hewitt’s principle Nitrou_ 

oxide and oxygen supply c °^ r °^m b er built 
valve adjustment with mixing chamoe 

Into the casting 


,698 COLEMANS NITROUS'OXIDE APPA- 
RATUS Coleman s apparatus u «l'«d 88 Jn 

™ Hilliard that nasal Inhalation should be 

dentistry 
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1903 VERNON HARCOURT’S CHLORO- 
FORM REGULATING APPARATUS The 

designer claimed his Inhaler not only regulated 
but accurately measured the strength of chloro- 
form In air Two Indicating gravity beads floating 
at different levels enabled the operator to regulate 
the temperature to between 13“ and 15“ C The 
stopcock was so made that when the pointer was 
at the end of the arc nearest the chloroform the 
maximum quantity being administered was 1 % 



1910 McKesson s nitrous- oxide - 
AND-OXYGEN APPARATUS McKesson 
produced the first truly intermittent gas 
apparatus nitrous oxide and oxygen only flowing 
as and when the patient inhaled and being auto- 
matically cut off during patient s exhalations 


1912 BOOTHBY AND COTTON’S WATER 
SIGHT -FEED FLOWMETER The original 
water sight feed though clumsy in design proved 
that the quantity of gas flowing to the patient 
could be measured by visual indication 
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1915 JACKSON'S CARBON- 
DIOXIDE ABSORPTION APPA- 
RATUS. Dennis E Jackson made 
the first carbon-dioxide absorption 
apparatus, employing sodium hydrate 
and calcium hydrate as absorption 
agents and using an electric blower 


1917 BOYLE’S NITROUS- 
OXIDE - AND - OXYGEN 
APPARATUS After Gwathmey 
had improved the water sight-feed 
of Boothby and Cotton, Dr H E G 
Boyle brought it to England and 
reduced it in size 




1920 WATERS’ CARBON - DIOXIDE 
ABSORPTION CANISTER In America Ralph 
Waters had become interested in Dennis Jackson's 
experiments and after exhaustive research designed 
a metal canister to one end of which he attached 
a facepiece and the other a rebreathing bag 


1933 MINNITT’S NITROUS-OXIDE-AND- 
AIR APPARATUS Dr R J Minnitt designed 
this apparatus in 1933 for the self-administration 
of nitrous oxide gas and air in midwifery The 
apparatus is entirely automatic, gas and air at ba/ 0 
flowing only as and when the patient inhales 
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1939 ROTAMETER BOYLE APPARATUS This 
consists of Rotameters with fine-adjustment controls for 
accurately measuring the flow of all anaesthetic gases com 
bined with bottles for chloroform and ether 



1941 COXETER-MUSHIN CARBON- 
DIOXIDE ABSORPTION APPARA- 
TUS The main features are minimal 
resistance two-way soda lime circuit 
wickless ether vaporizer rebreathing 
bag with lever for manually assisting 
respirations 
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1941 THE OXFORD VAPOR- 
IZER This apparatus was designed 
in the Nuffield department of 
anaesthetics Oxford By the em- 
ployment of hydrated calcium 
chloride as a chemical thermostat, 
the delivery of ether vapour at a 
constant temperature is assured 
The proportion of inhaled ether 
vapour is directly determined by 
manipulation of the regulating tap 
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the will of the operator, the nasal spring, of course, then being 
placed on the nose ” 


THREE INHALERS 
DESCRIBED IN 
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OF 1847 


I HOOPER’S INHALER 

This apparatus was employed by Mr Robinson, a dentist, who 
first used it on 19 December 1846 The following description is 
from the Illustrated London News of 9 January 1847 

“ The apparatus employed consists of the lower part of 
Nooth’s apparatus with a flexible tube, to which are attached a 
ball and socket valve and mouthpiece, similar to those commonly 
used for inhalation The apparatus has been constructed by 
Mr Hooper, of 7, Pall Mall East, according to Dr Boott and 
Dr Robiflson’s instructions it is very elegant in appearance 


2 “SMEE’S HOT WATER /ETHER INHALER” 


A description in the Illustrated London' News of 30 January 1847 
of an inhaler devised by Mr Alfred Smee, Surgeon to the Bank 
of England 


“ When this instrument is to be used 
the smaller chamber is filled with hot 
water (c), and a little aether, an ounce for 
instance, is placed in the large r "ompart- 
ment, which has sponge placed in it, to 
prevent its moving about On inhalation, 
the current of air passes in the direction of 
the arrows, and is said to produce far more 
rapid effects than when any other instru- 
ment is employed 

“ This instrument, with other ingenious 
arrangements for the Inhalation of tether, 
have been submitted to us, by the Pro- 
prietor of the celebrated Dep6t of Inven- 
tions, 201, Strand ” 

“ Mr Smee’s Inhaler, which is here 
figured, was made by Mr Ferguson, of 
Southfield , and consists of a tin vessel, 
either circular or oval, about 8 inches long, 
and 3 wide, divided into two compart- 
ments — one smaller (A), to contain hot 
water , the other larger (B), to contain 
the Ether The large compartment is 
divided into two by a diaphragm and has 
another opening to admit the Ether, and 
the entrance of the air Id) Into this 
larger compartment a tube is fixed, which 
has a valve at the extremity ( e ), for 
inspiration, and another valve (g) near the 
mouth-piece, for expiration The mouth- 
piece (/) has an indian-rubber covering, 
to adapt itself to different mouths ” 




Pad for mouth, to be held by the 

Horizontal valve for the escape of 

expired air 

Vertical flap valve 

Stop cock 

Nasal spring 

Elastic tube , 

Glass vessel, with a smaller one 
having pieces of sponge saturated 
with ether, and having a small per- 
forated stopper, to bo opened when 
the apparatus is In use , , 

Sectional view of the pad, showing 
mouth-piece 


» -rhe apparatus has since been successfully used m operations 
it Kme’s College Hospital, by Mr Fergusson , and, on Thursday 
Sst by Mr Aston Key, at Guy’s Hospital among other wises 
vfs the removal of an abscess from the great toe of a female 
wa f. „ t i, e m eans was not entirely successful, for the patient 

or three minute : the ’ ^wp-cockThmsoffl the’ vapour, 

operation^ performed it ^ tient ^ £he na ^ spn ng 

and Jt , ls , w A si Jfnfr in nrolonged operations this may be found 
Sable and fhe Shalation of the ether may be renewed at 


^After describing persona? experiments with advertised inhalers, 
he «* W The S corollary to be drawn from 

repeat, viz , that, m the mSoyed^by^hich the’ strength of the 
Dose Inhaler must be employe , V ins tant to the condition 
dose may, with fawhty, be ^^"^JSSed upon, without 

s, “" ! 

of the dose, when it may be required 
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The inhaler is constructed 
m metal, and is divided into 
two chambers , the upper one 
to contain the Ether, and the 
lower one to contain warm 
water The /Ether chamber 
is divided by diaphragms 
into several cells the inten- 
tion of these divisions is to 
cause the air, which enters 
at A, to perform, the long 
route indicated by arrows, 
that it may be perfectly 
saturated with Ether before 
it leaves the Inhaler 



* The figures 1,2 3, on the top of the Inhaler, indicate several 
openings for the entrance of air , it is by these openings that 
the strength of the dose is graduated For example, if No 1 
is open, the air, entering at that point, will be in contact with 
only a small portion of the Ether vapour No 2 being opened, 
will produce a stronger mixture , No 3, still stronger, &c , 
until, all being closed, with the exception of A, we then have 
the most powerful dose that can be had, without the assistance 
of heat 

“ In addition to this arrangement, a stop-cock is so constructed, 
and adapted to the tube, that the /Ether can, at any time, be 
turned off, and the air turned on, or any proportion of each 
This is a most valuable addition, since it gives the operator a 
perfect command over the power of the instrument, without m 
any degree, disturbing the patient 
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WONDERFUL EFFECTS OF ETHER IN A CASE OF 
SCOLDING WIFE. 



MR PUNCH SUGGESTS THE 
USE OF ETHER FOR THE 
REUEF OF A COMMON 
AFFLICTION 


This cartoon from Punch (1847) 
by John Leach famous comic 
artist reflects the popular 
interest in the ether discovery 


Poltenl — ■** Tnt3 13 really quite delightful — a most beautiful dream ' 


Hi 
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WHO WAS THE FIRST SUBJECT OF ETHER 
ANAESTHESIA IN BRITAIN 7 

The following is an excerpt from a paper on “The patient 
a neglected factor in the history of medicine”, by Dr Douglas 
Guthrie ( Proc roy Soc Med , 1945, 38, 490-494) 

“ The news of ether soon reached England and Robert Liston 
was the first to try it at University College Hospital in December, 
1846 The patient’s name was Frederick Churchill, a butler 
aged 50, and he had a malignant growth of the leg, which 
demanded amputation through the thigh Peter Squire 
administered the anaesthetic, and Liston completed the operation 
in thirty-two seconds When the patient recovered consciousness 
he did not know the operation was over, but on seeing the 
uplifted stump he burst into tears The scene in the theatre 
was most impressive and tense But was the patient the first 
subject of ether anaesthesia in Britain’ Apparently not, 
according to Sir Charles Brown, of Preston, who was a spectator 
of Liston’s amputation and who describes it in Sixty-four years 
a doctor (1922) ' ‘ Before the patient was brought in,’ he 

wrote, ‘ the anaesthetist asked the students for some volunteer 
who would submit to be anaesthetized A young man named 
Shelbrake, of powerful build and a good boxer, at once came 
forward and lay on the table After he had inhaled ether for 
half a minute he suddenly sprang up, felled the anaesthetist at 
a blow and scattered the students before him like sheep before 
a dog He soon regained his senses and then the patient was 
brought m ’ ” 

[The date of Liston’s first operation with ether was 21 December Dr Francis 
Boott, in a letter dated 21 December, 1846 and published in the Lancet of 
2 January, 1847 (p 8), describes the extraction of a molar tooth under ether 
narcosis on 19 December, 1846 The patient was a Miss Lonsdale and the 
dentist a Mr Robinson The operation took place in the study of Dr Boott, 
who had received news of the ether discovery in a personal letter from Bigelow, 
of Boston It seems clear, therefore that Miss Lonsdale was the first subject 
of ether anaesthesia in Britain — Eo ] 
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THE FIRST USE OF CHLOROFORM IN SURGERY 

The story of the discovery of the anaesthetic properties of 
chloroform has often been told, but the circumstances of its 
introduction into surgical practice are not so generally known, 
and may be worth repeating 

A few days after the famous experiment at 22, Queen Street, 
Edinburgh, when, on the evening of 4 November 1847, Sir 
James Young Simpson (then Dr Simpson) and his two assistants, 
Drs Keith and Matthews Duncan, found themselves prostrate 
beneath the dining-room table m the grip of a drug “ far better 
and stronger than ether,” Simpson called at the Royal Infirmary, 
where he hoped that there might be an opportunity of testing 
the effect of chloroform in surgery As he writes in his “ Account 
of a new anaesthetic agent,” he met Professor Miller, the 
professor of surgery, who happened to have several patients 
awaiting operation “ The first was a Highland boy, four or 
five years old, affected with necrosis of the radius He knew 
no language but Gaelic, and it was therefore impossible to 
explain to him what he was required to do When a handker- 
chief on which some chloroform had been sprinkled, was held 
to his face, he became frightened and struggled He was held 
gently however, by Dr Simpson, and obliged to inhale After 
a few Inspirations he ceased to cry or move, and fell into a sound 
snoring sleep A deep incision was now made down to the 
diseased bone , and, by the use of the forceps, nearly the whole 
of the radius, m the state of sequestrum, was extracted During 
this operation, not the slightest evidence of the suffering of pain 
was given He slept on soundly and was carried back to the 
ward Half an hour afterwards he awoke with a clear merry 
eye and placid expression of countenance, wholly unlike what 


is found after ordinary etherization On being questioned bv a 
Gaelic interpreter who was found among the students, he stated 
that he had never felt any pam and that he felt none now" 
Two other patients were submitted to operation under chloro 
form, and we are told that for the three cases “ the whole 
quantity of chloroform did not exceed half an ounce ” “ From 
that day to this ”, wrote Professor Miller in his paper on 
chloroform published in the following year, “I have never 
ceased to employ chloroform It is by far the best anaesthetic 
agent as yet known ” 

Douglas Guthrie 
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DAVID WALDIE, A FORGOTTEN PIONEER OF 
CHLOROFORM ANAESTHESIA 

Although Sir James Young Simpson, the distinguished Edinburgh 
obstetrician, is rightly acclaimed as the discoverer of the 
anaesthetic properties of chloroform, he was assisted towards 
the discovery by one whose name is seldom mentioned by 
writers on the subject, but who nevertheless deserves to be 
remembered for having suggested to Simpson that chloroform 
might be worthy of a trial in his experiments In lus original 
paper on the “ New anaesthetic agent ”, Simpson acknowledges 
his indebtedness to Mr David Waldie, of Liverpool 
Waldie was a medical man, holding the diploma of the Royal 
College of Surgeons of Edinburgh For a time he practised 
in his native town of Linlithgow, but as he was more interested 
in chemistry than in clinical medicine he accepted an appoint- 
ment with the Liverpool Apothecaries Company In company 
with his partner, Mr John Abraham, he conducted some experi- 
ments, and although he gives no details of his observations in 
his paper on chloroform which he gave at a meeting of the 
Liverpool Literary and Philosophical Society on 29 November, 

1 847, there is no doubt that he was aware of the properties of 
the drug when, in the course of a visit to Scotland during the 
previous month, he recommended it to Dr Simpson, then in 
search of an anaesthetic without the disadvantages of ether 
Of course, Waldie never claimed to have discovered the 
anaesthetic properties of chloroform, and no one alleges that 
he did so What he did was to recommend chloroform to 
Simpson for his experiments, thus forging a most important 
link in the chain of events which led to the discovery Wairn 
afterwards went to India as a chemist, and he died at Cajcu 
m 1 889 He holds a worthy place among pioneers of anaestnesi , 

and it is fitting to recall his service to humanity , _ . , 

Douglas Guthrie 
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DR MATTHEWS DUNCAN’S EARLY TRIAL OF 
CHLOROFORM 

le following is an excerpt from the diary (25 July 1870) of Sir 
ibert Chnstison, the great Edinburgh toxicologist I 
>m The life of Sir Robert Chnstison, Bart ( Edinburgh , 

“ On askm 3 g 2 Dr 53 Matthews Duncan to repeat aremarkablc 

itement he made to me a few months ago. ^1 n f c hloro- 
ncern with the discovery of the anaesthetic yir ° Simpson 
•m, he gave it me thus One day, when Sir <-- n i]ecc he 

d he were in Dr Gregory’s laboratory at j Moratory 

r Duncan) got possession of every liquid w th e 

uch he imagined ‘ would breathe ’ Four or five = bottles «« 
is carried off, and chloroform was one At . ( j, c 

rrespondence with Mr Waldie about ^naes , Jnot been 
jgestion by that gentleman to try chloroform, o tna ! 
ird of by Dr Duncan One forenoon Dr Duncan m 
the chloroform He had previously ex P e ” q q pying 

:h various substances, but found none suita 
oroform, he was convinced that the ar by 

ind The same or next evening the trial was ■ ^ btch a 
Keith, Sir James, and himself This was tn ui 
w a matter of history , but the previous trial has 
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THE FIRST SPECIALIST-ANAESTHETIST 


John Snow, the first physician to make ^ 
administration of anaesthetics, v,as born at York, June 181 
The eldest of several boys, he was educated privately in the 
town before leaving at the age of 14 for Newcastle, where he 
was apprenticed according to the custom of the time to a surgeon 
Here, m 1831-32, Snow laid the foundations of the work on 
cholera that has tended to overshadow his fame as a pioneer 
anaesthetist But in 1833 he left . Newcastle ; and eventually 
reached London in 1836 He gamed his M R C S in 1838 and 
his M D London in 1844 while he was also admitted a licentiate 
of the Royal College of Physicians As he had earned out 
some expenments on respiration and asphyxia, he was well 
qualified to investigate the use of sulphuric ether as an anacsuictic 
when news reached England m 1846 that it had been tried in 

Believing that greater success would attend the use of ether m 
this way if the mode of administration were improved, tsno 
made his own invesugations until he had become proncicnt, 
and it is appropnate that his name should be perpetuated by ms 

inhaler Thesuccessofadruggistofhisacquaintanceinan etne 

practice" encouraged Snow to present himself at St ueorges 
Hospital, where he obtained permission to administer etner o 
out patients who attended for tooth-drawing Snow s worK 
so impressed a certain Dr Fuller that he was instrumental in 
arranging that Snow should act as anaesthetist at surgical 
operations, and as he also developed a large private practice 
he quickly became established 

He records that he gave ether in 152 cases before the intro- 
duction of chloroform, but in only twelve 
It is interesting to note however, that ‘nearly all tne great 
operations of surgery [that were performed at that time) were 
included several times amongst the cases ’ in which ether was 
given. Thirty three were amputations of the thigh, leg or arm 
with a mortality of 24% Age was no bar for Snow olten 
administered ether to infants and the aged Few pioneers can 
have documented their work better than Snow, for he not omy 
kept a record of his cases in diary form but notes ol his expen- 
ments He also had ms BosweU m Sir Benjamin Ward 
Richardson, who published Snow s work on chloroform alter 
the author’s death, and was responsible for the preservation ol 
most of the known facts concerning Snow’s life 
Snow used ether only once in an obstetnc case, but wnen 
Sir James Young Simpson introduced chloroform lor tins 
purpose Snow quickly realized its value He admimsteren 
chloroform to H M Queen Victoria on 7 April 1853 at the birtn 
of the Prince Leopold On this occasion the chloroform was 
given on a handkerchief in 15-minim doses, but Snow states 
I nearly always employ in obstetnc cases the inhaler tnat 
I use m surgical operations I find the inhaler much more 
convenient of application than a handkerchief, and it contains 
a supply of chloroform which lasts for some time, thereby s ^ vi ug 
the trouble of constantly pounng out more ’ This inhaler 
with a small bottle for the chloroform was preserved m its 
ongmal wooden case by Sir Benjamin Ward Bacharasoii 
On 14 April 1857 Snow administered chloroform at the birth 
of the Princess Beatnce . 

In these days when plasUc surgery is a topic of current interest 
it is worth noting that Snow administered chloroform in htty 
cases arising from injury or disease It was ms opinion that 
the greater number could not have been performed before the 

discovery of narcotism It is also worth while noting that 
twenty-four of ms cases were connected with deformities caused 
by bums 

Perhaps the queerest case in which Snow was called upon to 
administer chloroform is best described in ms own words 

In June 1852 I gave chloroform to a girl, five years old and 
Mr Fergusson [Sir William Fergusson (1808-77)] scooped out 
some polypus growth from the right nostril and also an oval 
softened body, rather bigger than a horse-bean, which was a 
joung orange that the child had pushed up her nose in India 

Snow died at the height of ms career on 16 June 1858 

F Tubbs 

, S f,° w 7 (1858) On chloroform and other anaesthetics 
l^ngwaliOT Edited tilth a memoir of the author bv Benjamin W Richardson 
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POPULAR REACTIONS TO THE ETHER DISCOVERY 

Examination of reports on the discovery which appeared w the 
newspapers and periodicals of the day leave one with the m- 
nw«ion that the public were somewhat cold blooded on the 
subiect they were interested in the discovery as a novelty 
rather than as a means to relieve human suffering Painless 
sfireerv should have had a more personal appeal than advances 
m anyother branch of medical science , the average man would 
he lei interested in the sterilization of the surgeon s instruments, 
for instance^ thani n the knowledge that he would not feel the 

CU in 0 the C ^nneum of 2 January 1847, the disco very was dis- 

^AmmS ^^e^m.^t^ppw^Thkely^o met with a 

PO h " erf ma 0 n P s P homd not be madl EdSSS fSSSS 

£ > h ur s « 

practices ^oFth*/ mes- 

against the possibility of 

shamming, even with ether conta ined m a letter dated 

A more enfotmas'ic ^Par^^^dm this the writer 
from Boston, USA, on 29 izreeted him on his arrival 

tells of the great news which had greema eminent 

from England He menfions havrng «« t ' prove most 

rather than m 

those requiring delicate treatment 

First Use in England 

One of the first medical m< D^^mLtVwhom Dr* Bigelow 
happenings m Amenca was Ur tf ’ Desplte Morton’s rather 
of Boston had foe ingredients of foe agent used 

stupid attempts l ° which he had given foe name “ Lefoeon, 
in his expositions lts 0( i our alone, as puresulphunc 

it was easily identifiable, y communicating this to his 

ether Dr Bigelow lost no m tum _ sent wor d to a dentist 

friends, including Dr , ’ The latter was a live wire 

December) and , ^I^er^to'which^fitte'd “ flwfofe" tube 
from a ‘ Nooth s inhaler b * the 19th , m foe present 

and mouthpiece °^ut a lady patient to sleep and 

Liston’s First Amputation under Ether 

Ward Richardson in an article on ‘ The mastery' 

Sir Benjamin Ward Kicnar ongman s Magazine in 1892, 

of oain * which appeare T , Forbes gave hum of Liston s 
quotha description which Sir Jota ^ Hospital 

first amputation under ether a . m operatmg , removed 

Liston who had cultivated t c verv body seemed pale and silent 
the limb within the nrnute : E ^ d b y breath lcss that when he 

SfofsK^rfo^ ’ he a,most choked 

m its utterance 

Distinguished Audiences 

Many of foe early operationsbythe^new pf Prince 

by a concourse of disunguished stators bef of newspaper 

S" he^amhed wafo almost childish wonder as 

ELS flWgfta 

Bonaparte wem a . St Georges ^ ^ ^ a failure 
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ANAESTHESIA IN FRANCE 


the patient having to be removed without the operation being 
started The second patient had an uncomfortable time for 
ten minutes, “ turning very red, or rather purple,” and in such 
a state of anguish that the onlookers commented that the effects 
were worse than the operation Eventually the surgeon judged 
the patient to be ready and proceeded to remove the finger, 
whereon the poor fellow shouted loudly and snatched his hand 
away * The third case fortunately gave no trouble, and a 
successful amputation was performed 

“ The quicker the surgeon, the greater the surgeon ” 

Richardson, in the article referred to above, describes the horror 
of operating day when, as he puts it, “ the quicker the surgeon, 
the greater the surgeon ” was the order of the day He mentions 
one operation performed by Prof Lawne, and carried out with 
such dexterity that it was over before the patient uttered a single 
cry, though the poor wretch screamed and struggled throughout 
the closing stages of the nerve-shattering business Richardson 
and his fellow students were almost overcome , the new methods 
were at least appreciated by men who had gone through such 
experiences 


Some Disparagements 

It seems almost inconceivable that the introduction of 
painless surgery should have been subjected to adverse 
criticism Nevertheless it was argued that the day of the great 
surgeon was over , that squeamishness over infliction of pain 
could not go hand in hand with bold, dexterous operating It 
was further suggested that to banish pam was contrary to the 
laws of nature , that pain was necessary to indicate injury, the 
seat of injury, and the cause of injury 

A more sinister objection was made on the grounds that it 
provided a dangerous weapon for the evil-doer Some saw in 
it an affront to divine law , man was born to suffer, and anaes- 
thesia was, in effect, an attempt to cheat that law and could end 
only m disaster Finally, it was foretold that as the practice 
became more general, the number of deaths under anaesthesia 
would prove too heavy to be endured This last view was fairly 
widespread, and after a few isolated cases had ended fatally, it 
seemed as though ether anaesthetization was doomed 

The Times of 19 March 1847 devoted nearly two columns to 
the report of an inquest on a young woman who had died a 
few days after an operation under ether In this case a verdict 
to the effect that the woman died as the result of the adminis- 
tration of ether was brought in, and accepted by the coroner 
and the surgeon concerned The prominence given to this 
case, with ether as the “ villain of the piece ”, in contrast to 
the brief paragraphs devoted to successful operations, augured 
ill for those who were striving to win public confidence m the 
new method 

In his work On etherization m surgery and practical medicine, 
1847, Sir John Forbes gave an amusing example of the slender 
grounds on which etherization was condemned A man was 
said to have died of bleeding from the lungs in Guy’s Hospital 
after taking ether during an operation for hernia On inquiry 
at the hospital, the man was found to be still alive , and on 
being questioned as to the bleeding from his lungs, he stated 
that the day after the operation “ he had pricked his gums while 
picking his teeth with a pm— and it was the product of this 
operation, not of the ether, seen m the spitting-pot by the patient’s 
bedside, that was bruited about town as of itself sufficient to 
settle the question of etherization in all future time ” 


Ether outmoded by Simpson’s use of Chloroform 

As a “ discovery ” ether was short-lived To the public, with 
their love of the “ latest thing ”, Simpson’s use of chloroform, 
and the paper on the subject which he read on 10 November, 
1847 seemed to outmode ether To the man in the street it 
was 'something newer, and consequently superior , the word 
“chloroform " came into use as a verb in place of anaesthetize, 
and ether was forgotten 

Experiments on Plants 

„ not slow to try out the effects of ether in other 

1 Sci f nnf Tht Athenaeum of 26 June, 1847, describes an ex- 
directions The M C i eraens professor of Natural 

S'St&S of Vevay The Professor placed 
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branch of the common barberry under a drinking glass wnh 
a small quantity of ether, and found on withdrawing it and 

imtabffity he S£am,na at their base > that the y had lost all their 


Early use in Veterinary Practice 

The Times of 29 January 1847 reports the successful operation 
under ether on a horse at the Royal Veterinary College, whilst 
a I ? l 0 i e J use 13 mentioned m the Athenaeum for 14 August, 1847 
Etherization of Bees — Several successful experiments have, 
it is said, been recently made in France on the etherization of 
bees— so as to be able to take their honey while they are in a 
state of inaction without the necessity of destroying their hives ” 
On the 4th September appeared the following 
Acting on the hunt recehtly dropped m this paper from the 
experiments of a French naturalist, a gentleman of Great Mary- 
lebone Street has contrived an apparatus for etherjzjng bees, 
which does its work without the least trouble The bees are 
at first much agitated , then stupefied, and fall to the ground — 
when they may be handled with impunity The effect is produced 
in little more than a minute and a-half ” 

T H Bishop 
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THE BEGINNINGS OF SURGICAL ANAESTHESIA 
IN FRANCE ETHER AND CHLOROFORM 1 

ANDRE HAHN, MD 

Chief Librarian, Faculty of Medic ne, Paris 

It was the beginning of the year 1847 Ether anaesthesia had 
made its dSbut in major surgery m the United States neatly 
three months before, on 16 October, 1846 In London, on 
21 December, Liston, in his turn, had just performed his first 
successful operation under anaesthesia, and in France, Jobert, 
assisted by an American surgeon, had made his first successful 
attempt at etherization on 24 December at the Hopital St -Louis 
The fame of Jackson and Morton had crossed the Atlantic 
and aroused m Europe a lively curiosity, tempered by a certain 
reserve in the absence of substantial experimental evidence 
On 12 January, 1847, Professor Malgaigne drew the attention 
of his colleagues at the AcadSmie de Mdaeclne to a propeny 
of ether not previously known, or, if the property itseli wa 
known ”, to “ a new application ” of It, and recalled c0 ( I P n ' u , I J (h " 
tions in English and American journals on the fact tnat 
respiration and inhalation of ether deadened general scnsit) y 
to such an extent that surgical operations performed on pa 
in this state caused little or no pam ” , hic h 

This was the first official intimation of the discovery 
promised so much for the future Moreove :r, 

Malgaigne reported five cases to the Accid^mie m supp 
statement In the experiments carried out in his depar mem 
at the Hopital St -Louis, he employed a tube watsdatag 
certain amount of ether The tube was inserted into one nos 
while the other was occluded, the mouth being kept c 


inspiration and open during expiration ^ , n(r t was f, C( jt 
Professor Velpeau was present at this meeung following law* 



“ The avoidance of pain, m surgenr, is a aream experiment 

pursue to-day ”, and who had not thought it_ ngfit coffl . 

as yet with the secret method which 1 Morton bad auw y ^ 
mumcated to him, as he was afraid of injuring ms p a 

p Translated from the French by A H SJ 



ANAESTHESIA IN FRANCE 


was still doubtful about the dangers of sustained inspiration of 
ether However, when confronted with the results of Professor 
Malgaigne’s tests, he recognized that the dream was likely to 
become a reality 

Velpeau was able to define his position a few days later, at 
a meeting of the Academic des Sciences held on 18 January 1847 
The quesuon of priority in the invention of the practical applica- 
tion of the soporific properties of ether was to give nse to much 
controversy in France Already, Ducros, at the beginning of the 
jear, was claiming priority m view of experiments made public 
as early as 1842, and of his w ork of March, 1 846, on the physio- 
logical effects of sulphuric ether On this occasion, the secretary 
of the Acaddmie, M Elie Beaumont, asked the meeting to 
proceed to the opening of a sealed envelope deposited by him 
at the session of 28 December 1846 , this contained two letters 
from Jackson, the first dated 13 November 1846, in which he 
described his work, his connection with a dentist (he does not 
quote Morton s name), and the first operations under anaesthesia 
performed at the Massachusetts General Hospital and asked 
the Academie to appoint a committee to make the necessary 
experiments to confirm the truth of his statements in the 
second letter, dated 1 December, he confirmed the success of 
operations performed under the application of ether vapour 

Professor Velpeau then declared that the secret in question 
was no longer a secret, since the press had divulged it as early 
as November, and as it was more than a month since Dr Warren 
or Boston, had informed him of it and since Dr \V Fisher, of 
me same town, had, about the middle of December proposed 
tnat a tnal should be earned out at the Charite He went on 
to recall the experiments of Jackson and Morton, the tnals 
mmed out m London, and those performed in Pans by the 
Thf t0rs , ou * at ltle Hotel-Dieu, and by Laugier at Beaujon, 
ihf rl S . of v ^* ucl1 vvere no more conclusive than his own at 
?crTKdr ante ’ , ‘* e acknowledging the value of those of Professor 
which had been more successful he emphasized the 
an d inconstancy which had been observed both 
„l°? , anc *, ln France, and the short duration of the effects, 

' tet * no , ’ on 8 er lhan 2-5 minutes He added that this 
3 nn, n ,l, anCy nu Sht be due ' as much to the imperfections of the 
pparams employed as to the actual nature of the drug 
or the diversity of individual constitutions ” 

^oaitenae des Sciences, then, seemed to show a certain 
SeSf ,? r 5 ser \ e „ Velpeau wanted a multiplication of tnals , 
t ^ us artificial killing of paw had not more 
thK n V ,? nl e :? c ^ ^an pain itself , Professor Roux thought that 
m aii oould probably not be applied indiscriminately 

wat and suggested that, untd further information 

wittimtw 16 ’ , t ^ le su hiect in question ‘ should remain enclosed 
Thew™S Clr r ce , of ^cntific communications and pubhcations ” 
annrwnoiT^ 01 j , new method was, however, to be 1 quickly 
learnmi ancl dlsc Iosed m innumerable papers read to the 
1847 rn? 01 ^ 3 ’ m Fans and in the provinces On 25 January 

had airf^T* v su bmitted his new apparatus for inhaling, winch 
to ihe been P ut lnt0 use m most of the Pans hospitals 
21 T-inn™ < V mie > Professor Gerdy had made use of this on 
F for a frral of the effects of ether on himself All 

Simon.n a^'amung the discovery , Sedillot at Strasbourg, 
at Moniiiii ancy ’ J ® onnet and Bouchacour at Lyons, Bouisson 
unprovempnt 61 ’ ant ^ ^ Roux at Toulon, were experimenting on 
bv lnSr Kf m apparatus New etherizers were constructed 
j r oux _’ " la 8onti, a Bonnet, Femmd, Porta (of Pavia) and 

u. wL t Veli^? < k Ime < * es Sciences meetrng of 1 February, 1847, 
Promise tw aU u turn , to admit, m a brilliant speech, what great 
1 m n o n a n re,. ti U eC 1 for the future, and what unforeseen 

of the mncrT.i er anaest hesia would assume when the flaccidity 
heconcluded Ulai tv, Sy r tem became generalized ‘ On all sides , 
tmmenseW ,2.. e racts, confirmed by one another, are becoming 
antagonist t xx 6Stln ? ' But was to find an implacable 
"■rath against S* , The famous physiologist rose up in 
ether S 1 recital of the marvellous effects of sulphunc 

‘nsatiable wbjca the press has seized to satisfy the 
impossible ” Q CI ? vln S of the pubhc for the miraculous and 

one must , 13 not enough to desire good ’ , he cried, 

drunkenness*^, j 8 i. 3teps t0 suard agamst the evil ’ that the 
onskiiied other might produce in the hands of 

circle ’ 5 uram men, or even in the intimacy of the family 


Velpeau s reply was more than a defence It marked the date 
of the final acceptance in France of the discovery of Jackson and 
Morton 1 The essential result, and the point of greatest 
importance to surgery, according to the eminent teacher, was 
the insensibility produced in patients submitted to the influence 
of ether This was now a fact established by observation, and 
the result was practically constant if the procedure was carefully 
carried out There was, however, another point of secondary 
and varying significance, namely, the restlessness produced by 
pleasant sensations or dreams, or by distressing ideas, and shouts 
or remarks which might cause inconvenience in surgical opera- 
tions This fact was certainly undeniable, but “ who knows 
but that we may learn in the near future how to control or avoid 
these disordered movements , and what is to prevent us 
subjecting a person to the action of ether just far enough to 
find out how he is affected, before proceeding to the final 
induction ”, as indeed Velpeau himself had done m a number 
of cases 

It remained to find out whether patients thus treated ran any 
danger Velpeau affirmed that ‘ absolutely nothing had 
happened to them, up to that time, which justified the indictment 
of ether by reason of the very shortness of the period of insensi- 
bility (2 to 5 minutes), and of the fact that the patient recovered 
in 2 or 3 minutes, without any sign of suffering and without any 
apparent disturbance of the system 

Through Velpeau, then, etherization achieved a position of 
honoured acceptance in France, and its fame was so great that, 
like Ducros and Wells, Jackson, and then Morton, strove for 
recognition of their claims to priority of invention A lively 
controversy arose when the Academie decided to award the 
Monthyon prize for the years 1847-48 to the inventor of anaes- 
thesia, and, ehmmatirtg Wells, to divide it between Jackson and 
Morton, as being indispensable to one another ” This prize 
was founded in 1819 as a reward for those who had earned, by 
some act or piece of work, the title of ‘ benefactors of humanity ” 
The hostility between the two former collaborators was now 
manifested as acutely as it had been earlier in America 

Velpeau in his speech, had drawn the attention of the Academie 
to the two chief uses of ether anaesthesia the killing of pain 
and the paralysis of muscular action He had hinted at its 
possible advantages m obstetrics On 23 February 1 847, Professor 
Dubois informed the Academie of its application m labour, 
and announced the first instance of its use in this connection by 
Professor Simpson on 17 January 1847, at Edinburgh Fourmer- 
Deschamps had also used it m France, on 30 January, for a 
forceps delivery 

The physiologists had likewise attacked the physiological and 
psychological aspects of the problem Flourens pointed out the 
action of ether on the cerebral lobes and cerebellum , Longuet 
observed the progressive invasion of the nervous centres These 
investigators, however, were anxious to experiment with other 
substances possessing analogous properties 

It was at this time, when ether had barely made its conquest 
of France, that, on 8 March 1847, at the Academie des Sciences, 
Flourens, in connection with a Note touchant I’action del'ether 
sur les centres nerveux pointed out that he had obtained the 
same results with ‘ I’ether chlorhydnque ’ as with sulphunc 
ether He stated, moreover, that l’ether chlorhydnque ’ had 
led turn to try a new substance known as chloroform, which 
produced total “ etherization ’ in a few minutes 

Chloroform had been discovered in 1831 by Soubeiran in the 
course of distilling alcohol with calcium chlonde, studied by 
Liebig (1832) and chemically defined and classified by Dumas 
(1835), but was still little known in France at the time when its 
practical application was made known by Simpson s paper 
(10 November 1847) Simpson, who had, after personal expen- 
ments been using the new agent forsome time in Edinburgh topro- 
duce insensibility in surgical and obstetrical pracuce represented 
chloroform as possessing all the advantages of sulphunc ether 
without the chief disadvantages a smaller quantity of the 
anaesthetic was necessary, it had a quicker and more complete 
effect, the process of inhalation was pleasanter, the cost lower, 
the smell was less unpleasant and did not permeate the patient 
it was easy to transport and no inhaler was necessary Simpson 
supported his statement with a descnption of two operauons 
performed, at the Edinburgh Royal Infirmary by Professor Miller 


1 [Dr Hahn s references to JaAsoa indicate hat te is stdl given — 
by European writers th-Ji would be the case m Bnum and t-c L5A- — ts> ] 
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m the presence of Professors Dumas and Milne Edwards of 
Pans, Dr Chnstison and Sir George Ballingall This new 
therapeutic agent was soon to be tried out all over France, and 
its success was such that ether anaesthesia was practically 
abandoned in current practice 

The vogue of chloroform was, however, rapidly eclipsed by a 
senes of grave failures, the possibility of which Flourens had 
foreshadowed m his prophetic statement * “ If sulphuric ether 
is both wonderful and terrible, then chloroform is still more 
wonderful and still more terrible ” 

The battle between ether and chloroform had begun , it has 
continued to the present day to split the masters of surgery into 
two camps 

The Pans school declared itself resolutely in favour of the use 
of chloroform The Academie de M6decine, consulted by the 
Mimster of Education following the death at Boulogne m 
May 1848 of a perfectly healthy young man, for once followed 
the lead of its appointed expert, Professor Malgaigne, and 
subscribed to the acquittal of chloroform, only making certain 
precautionary rules and scheduling it as a poison (31 October 
1848 , 9 February 1849) In 1853, the Societe de Chirurgie, 
called upon to take up the question on hearing a paper by 
Dr Vallet, of Orleans, came to the conclusion, on the advice 
of a report submitted by Robert, that there was no adequate 
justification for abandoning such an admirable discovery In 
1857, the Acad6mie de Mtdecme, appealed to once more, 
decided that “ in the present state of knowledge, apparatus might 


or might not be used, and that the method of etherization could 
be left to the choice of the physician or surgeon n 

The Lyons school, on the other hand, ranged itself firmlv 
with Pdtrequm and Diday, on the side of ether, “ a safe and 
harmless anaesthetic ”, and refused, on the pretext of eclecticism 
to reconcile the two drugs ’ 

Faced with fresh opposition on the part of the Socift£ de 
Chirurgie de Pans, which had been confronted in 1859 with a 
paper by Dr. Hervez de Chdgoin, Professor Barrier, appealing 
against this sentence before the Socidtd de Mddecine de Lyon 
on 28 March 1859, concluded his speech with these words’ 
“ Even if ether is less prompt in its action and more disagreeable 
m its effects, it is infinitely less dangerous and anaesthetizes quite 
as well as chloroform , surgeons should therefore give their 
vote to ether ” 

In the modern development of anaesthesia — vapour narcosis 
(chloroform, ether, ethyl chloride), gas narcosis (nitrous oxide, 
cyclopropane, ethylene, acetylene), extrapulmonary narcosis 
(evipan), spinal and subarachnoid local and regional anaesthesia 
• — there is a universal tendency towards the abandonment or 
severe restriction of chloroform, in spite of the rapidity and 
constancy of its action, the depth of the narcosis and the smooth 
return to consciousness, and towards an acknowledgment of 
the superiority and safety of ether, as a guarantee against the 
immediate primary dangers of anaesthesia (E Forgue) This 
fact takes us back to the year 1847 in which etherization was 
adopted in France, an event of which Professors Malgaigne and 
Velpeau were the chief promoters 
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EARLY SURGICAL ANAESTHESIA IN SPAIN 
EDUARDO GARCIA DEL REAL, MD 

Real Academia de Medicma 
Member of the Osier Club 

Ether was used as a surgical anaesthetic for the first time by 
Long, of Athens, Georgia, but the fact was not sufficiently widely 
published, and the use of ether anaesthesia can be said to have 
been first publicly demonstrated by W T G Morton, a Boston 
dentist, on 16 October 1846 

In Spain the Academia de Esculapio offered among its prizes 
for 1847 a silver medal for the best paper on ether as an analgesic 
The famous Spanish surgeon, Don Diego de Argumosa y Obregon 
(1792-1865) was the first in Spain to use ether as a general 
anaesthetic — on 14 February 1847 — in an operation for the 
opening of an abscess of the neck , on the 16th of the same 
month to open an abscess of the breast , and two days later 
for the resection of an exostosis of the shoulder 

On 26 February, with this anaesthetic, he inserted a seton in 
a patient suffering from purulent ophthalmia He reported all 
these uses of ether as an anaesthetic in the Boletin de Medicma, 
Cirugla y Farmacia (No 62, 7 March 1847) 

Drs Benavente, Ruiz Gimenez and Ulpiano Ferndndez, of 
the Academia Mddico Matritense, as reported in vol 2 of the 
Anales de Cirugla, inhaled ether vapour through the nose, 
becoming completely unconscious .... 

Don Ulpiano Ferndndez, as a result of inhaling the ether, 
exoerienced a severe coughing fit, vomiting, four or five con- 
vulsive contractions, headache and roaring m the ears, with 
inbseauent dulling of the senses Don Basilio San Martin 
exDlains these disturbances by the fact that Dr Ferndndez was 
f Seat admirer of England and the English m everything, and 
fmirnted them in the ease with which he daily drank alcoholic 
mutate brandy, etc This is one of the earliest mentions 

file 1 importance of alcoholic habits in producing disturbances 
during general anaesthesia 


In the Madrid General Hospital, Dr Antonio Saez tried out 
ether as an anaesthetic ( Boletin de Medicma, Cirugla y Farmacia, 
No 63) on a woman of 50 m order to remove a scirrhous tumour 
of the right breast, which weighed 13} lbs Before using ether 
by inhalation, he administered it as an enema, using a drachm 
of ether and an ounce of distilled water, which he mixed when 
the enema was about to be given This took place at 1 1 in m e 
morning , after a quarter of an hour the patient felt beat in the 
stomach and vapours rose to the mouth After half an hour 
she became stuporose Rectal anaesthesia was also used by 
the great Russian surgeon, Pirogoff, m the same year, 1847 
In the Medical Faculty at Barcelona experiments were carriea 
out on dogs, also m 1847, before ether was applied to numa 


Dr Jos6 Gonzdlez Olivares, of the Santiago Medical Fccu y, 
s one of the first in Spam to recognise the advantages o' cm 
lesthesia, publishing his observations in the Boiet 
•dicina, Cirugla y Farmacia in July 1847 It was no 
ill the apparatus invented by Drs Argumosa and San M 
s used for this type of anaesthesia Dr Basilio San 
n the prize offered by the Academia de Esculapio, to 
have already referred The paper, presented m l Sep ^ 
17, reported 53 personal observations , a “ aest lj!r!L (n himself 
eated several times in some patients and SanM 
I been anaesthetized with ether 16 times T h isppe^ 

^er published, remaining the property of his nepnew, 
ll-known surgeon, Don Alejandro San Martin , { d ne 
Dr Gonzdlez Olivares, of the Santiago Faculty of 
December 1847, operated on a ca *S£.“£ r m anaesthesia 
irpatmg the axillary ganglia, under ch . Jater he 

3 operation was long and arduous A ^Regarding 

putated a soldier’s penis also under ch oroform ^ ^ 

oroform anaesthesia, of which Medical Society, 

□municated by Simpson to the Edinb nn c 5 ih!e to achieve 
nzdlez Olivares wrote It has not I JL r orm With the 
h ether what has been achieved wli cW g s0 ard ently 

r:A at S‘ 'eSss'c&s * y 

KfitarvSns of CoozSte ifSCdS 

the Santiago Faculty of Medici . ^nre m re d by Professor 
[ rabbits The chloroform had beenpreparea oy inha !ed 
Ldmo to Soubeiran’s method Jt was iaie 
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by Professors Andris de la Ordcn, GonzALz Olivares and 

Vl In n Madnd™cUoroform was prepared by the pharmacist, Don 
Diego Lletget It was inhaled by Drs San Martin, LAzaro, 
Saralegui, Asuero, Ataide, Santcro Calvo and Uhbarri All this 
is recorded in the Bolctln de hledicina, Cirugla y Farmacia, 

NO Do'n BasiUoSan 1 Martin administered chloroform to a patient 
with anal fistula, who was operated on by Dr Bonifacio Blanco m 
the General Hospital Don Basilio San Martin, 
his own observations, says Unconsciousness is reached more 
quickly and is of longer duration It must be controlled with 
a certain amount of care Less than the drachm recommended 
by Simpson should be used, even though the dose should have 
to be repeated In this way choking is less and the rigidity which 

appears at first is rarer " . . , , 

La Verdad of 10 Nos ember 1848 publishes an article signed by 
Olivares m which the success of chloroform anaesthesia in tw 
amputations earned out by Dr Francisco Martinez is reportea 
The chloroform had been prepared by Dr Andres Checa 
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The use of anaesthesia in obstetrics was defended by Dr Juan 
Burgos Requejo at the Congress of Medical Sciences at CAdiz 

m Professor Morales Perez, of Barcelona, ^anaesthesia by 
hot ether from 1888 onwards, a method perfected by Dr Dia^ 
j t Bv the time he came to read his co mmuni cation to 

the XIVth International Congress at Madnd he had earned out 
4,977 operations with this technique without encountenng any 

r “T P h^fa^o C r^n"gist Fargas alternatively employed ether 

and chloroform in anaesthesia Qf - . , h cal T ec j 

SuArez de Mendoza recommended, m 1896 , what he wuea 

^^o^enlid^Professor Alejandro SanMartin 

never exceeded 8% of the mixture inhaled 

Graham H (1942) Hisloria de la ciruga Traduccion y 

Marquez Miranda, J m > bre de 1937 en la 

C C°atd r ra nC d a e ZZnade la MedfcZ de ,a Umsersidad de 

Subuana Matas L 

Zpadola el 14 de enero de 1907 59 annersano de la muerte 

de Horacio Wells 
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ANAESTHESIA IN ARGENTINA 1 
LESLIE COOPER, MD 
The British Hospital, Buenos Aires 

On 18 June, 1848, John Mackenna, a native of England and 
surgeon to the British Hospital in Buenos Aires, announced, 
in the Hospital s annual report, the sensational news that tne 
nrst operations in this city in which ether was used with success 
took place in our Hospital We were thus able to com 


a 111 Lina Wily ill W1UV.11 v-vuws * n 

piace m our Hospital We were thus able to connrm tne 
surprising fact that inhalation through the mouth and nostrils 
^ volatile spint produces a state of unconsciousness such 
that the most serious surgical operations can be earned out 
painlessly Since then it has been successfully employed on 
several occasions, and lately a new discovery called chlorolorm 
has been used in the case of a woman whose thigh was painlessly 
re jractured and reduced, with the most satisfactory results 
A few years later, Leopoldo Montes de Oca Published hs thesis 
m Buenos Aires during the years 1852, 1853 an 
, • Part of which was devoted to anaesthesia and in parheuia 
° chloroform, a drug which, soon after its appearance, succeeded 
j? ““Placing ether completely for several decades , he describes 
n F, hules for chlorofonmzation ’ which were issued m ward J 
j n Hospital de Hombres, where his father, Juan Jose Montes 
Oha, held the chair of clinical surgery , both had previously 
chloroform used m Rio de Janeiro, where they lived in 
u n , n 8 the tyrannous rule of Rosas . _ r 

890 chloroform contmued to be the anaesthetic of 
s.ipk*’ a ? d was the subject of various investigations and theses 
^uch as that of Juan Clara (1857) and Wenceslao Tello (1880) 
° emphasizes the advantage of administering morphine and 
In?w 0r od ?* coadjuvants m prolonged surgical interventions 
ik iear (1890), after a visit to Europe, where he confirmed 
advantages, Andres Llobet reintroduced ether in his clinic 

[ k Translated from the Spanish by M B W ] 


at the Hospital Rawson ^““^^“ouhere^ 
standing surgeons ^.f H J 0 U “ ? Roque, and Palma of 
Castano y Revilla of the « os P^ ^ de l ciimcas, but in a 
Professor Gandolfo J^fofdifficulty m obtaining ether, they 
short time, possibly oecrn^e j j ul io Paz, of the 

KSTtaA. tor Co Cm ore » 

operations of short duration i anae3tiesia appeared at the 

The earhest papers on spm^ and B ^. to i om 6 PodestA, with 

beginrung of to pubbsh a large number of 

his thesis of 1901, wasUie “ r = popular, and was practised 

gfv? 1 *, “Si 7S,n™. s p .h p ™ g™=™. 

Finochietto tef and. n to the British Hospital, mtro- 
In 1904, Robert ‘ J f h c 5 s S“ dmBllst i a tion of mtrous oxide 

duced the first apparatus for the admims lt was 

and oxygen, but owingto diW-a Artemio Zeno 

several years beforeits use d Rodolfo pasman a little 

de Rosario employing it m^y the European war, the 

later About ^‘-““^inethers once more taking pride 
efforts of Pedro chu ^°, r “,r ‘eci:illy after the mtroducuon of 
of place among ana “*® U h ’ f ^ter owing to the scarcity of 
Ombredanne s a P? a ” t Jf ’ ^,is vvis replaced m many hospital 
experienced anaesthetists controlled by the surgeon 

climes by other and epidural anaesthesia 

M oft^s SS D recomme P nded by Professor 

Alberto Gutierrez de casUda sent his assistant 

In 1934, Doctor -Teofilo ° ^^anaesthesia used in the 
Robert O Elder, to 5tua 7 “ e “IVy began, to a great extent. 
United States and ““^kSTand later oclopropane The 
to use nitrous oxide, etnyien in the subject was marked, 

beginning of the era ^ in tn J coursc forpost- 

m particular, by the inttoduenon m fesso Federico 

graduates directed by theMeawa oinicas, and by the 
Volbrechthausen, in the H°sp . wr 0 f the Insututo dc 
initiative of Doc ? or ^v^first hospital department of anaesthesia 
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ether (surrounded b> a v.arm water jacket), joined to a rubber 
catheter through which the vapour entered the rectum The 
rectum itself was simply washed out as a preliminary to 
insufflation 

After ether had been superseded by the more easily manageable 
anaesthetic chloroform, m Not ember, 1847, rectal anaesthesia 
was neglected until about 1882, when it was reused by the 
smgeon, Oscar Wanscher, of Copenhagen His method was 
essentially the same as that devised by PirogofT, but to avoid the 
danger of the ether vapour condensing en route between the 
warmed vaporizing bottle and the rectal cannula, he warmed 
the connecting tube also A paper on rectal etherization, read 
by Wanscher at the International Congress of Medicine, held in 
'-?P en i la S5n in 1884, attracted some attention, particularly as 
ether was not in general use in continental Europe ar that time 
tin tact, Lyons, during the nineteenth century, was almost the 
only European surgical centre where ether had remained the 
anaestheuc of choice ) 

, v r m t ^ 1£ same > ear (1884) a fellow-citizen of NVanscher’s, 
n vi it'f rson ’, w * len ^siting Lyons, had asked the surgeon, 

, 'wmere, whether he administered ether by the rectal or the 
respiratory route The question prompted Moliiere to try rectal 
and news of his success with it reaching America 
irnng the late spring of 18S4, it was also enthusiastically tried 
there by W T Bull, Weir, and others 

l * le s P ecia hst anaesthetist, D W Buxton, adapted 
invm., 1 er ( zatlon about 1890 using it especially in operations 
.“}* bead and neck because of the unobstructed 
“eld which it allowed the surgeon Buxton s apparatus 
in ,„t a Slobe in the tubing behind the rectal cannula, 
l° intercept liquid ether 

rrvn!® 11 ® 'b e first decade of the present century various lmprove- 
r -ni “ nUn “ ed to be made in America in the technique of 
/h i^a^'hesia, the most important work being done by 
It uve V^aa't'Sham m Boston and by Sutton in Kansas City 
wav fnr e " or ^ w b lc h. so J T Gwathmey stated, prepared the 
anaesthesm lntroduct,on m *913 of oil-ether colonic absorption 
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2T* anaesthesia through mesmerism 

Athanisim l ? udt ^ e °f the seventeenth century, the Jesuit 
abeawasl ’ Kirc bf r of Fulda desenbed an expenment m which 
upon hpr persuaded 'o he motionless on a pavement by working 
allowed t ln,a 8mation First her feet were bound and she was 
unoossiMa s ru , 8 r e untd she became convinced that escape was 
away from ay stl ^ A straight chalk hue was then drawn 
Untied uni w y eye a l° n S the pavement and when her feet were 
In his tL believing herself a captive, she did not move 
devoted a * ,ve * ar,e tnagnetica (Rome, 1654) Kircher 

and it was wh i° n l0 j the curative powers of magnetic substances, 
later that Fra 7* n 2 magnetism, rather more than a century 
could exerp 112 Anton Mesmer concluded that the human hand 
magnetism^ 1S£suc b powers, and evolved his cult of ammal 
Mesme?T^ terwards “bed mesmerism 
at'enteen s»ui!!? lrre , seances > held in Pans during the late 
Stench *’ brought him into disrepute, and after the 

Nevertheless 0 UtIOn himself vanished from the public eye 
curious attra ^tc^Htcrism continued intermittently to exert its 
■certain numvI U0I V or rhe credulous layman and to interest a 
hi 1829 u£p° f tnedical men 

breast from a sur 2 eon , Cloquet, removed a cancerous 

wduced in her Ma<aame Plantm, the lady s physician having 
able to r ~- — - - a state oP somnambuhsm ’ in which she was 


c'Othnghamshire a "eu-authenticated case was reported from 
a . mesmenc sSm ln "'“ch a barrister named Topham induced 
•high Tonham j n a T 1311 w bose leg was then amputated at the 
took at the mVk , cnbed how the surgeon • after one earnest 
dtreedy to the kJ,V, s lowly plunged his kmfe into the thigh, 
to the . and then made a clean incision round the 

stillness at .u Pposlte Point, on the inside of the thigh The 
moment was something awful the calm 


respiration of the sleeping man alone was heard Soon 

after the second incision, a moaning was heard from the patient, 
which continued at intervals until the conclusion It gave me 
the idea of a troubled dream , for his sleep continued as profound 
as ever ” Questioned on his awakening, the patient said, 
‘ I never knew anything more , and never felt any pain at all , 
I once felt as if I heard a kind of crunching ” This, Topham 
thought, was probably the sawing of his thigh-bone 
During the late eighteen thirties John Elliotson, professor of 
the practice of medicine in the University of London, had become 
interested m mesmerism, accepting some of the occult as well 
as the rational beliefs connected with it This brought upon 
him the disapproval of his colleagues, and jn 1838 he was com- 
pelled to resign his professorship In 1843 Elliotson published 
a record of Numerous cases of surgical operations without paw 
In the mesmeric state, and in 1846 he founded a Mesmeric 
Infirmary m Bedford Square, London 
Elliotson’s work aroused the interest of James Esdaile, of the 
Hooghly Hospital, Calcutta, and in 1845 he mesmerized and 
operated painlessly on two occasions on a Hindu convict Nine 
other painless operations were witnessed by a special committee 
appointed by the Deputy Governor of Bengal, and as a result 
Esdaile gamed Government support for his activities In all he 
recorded 261 painless operations the death rate being about 

5 5°' 

J J /o 

Despite the unquestionable integrity of exponents such as 
Esdaile mesmerism was violently attacked, particularly by 
medical men A reasoned defence of the “ ordinary manifesta- 
tions — especially the cataleptic state in which patients were 
insensitive to surgical pain — was published by John Forbes 
in 1845 At the same time he condemned belief m the extra- 
ordinary phenomena such as clairvoyance 

In December, 1846 th e London Medical Gazette, a bitter critic 
of the mesmerists announced the news of Morton’s use of ether 
anaesthesia under the heading, “ Animal Magnetism Super- 
seded — Discovery of a New Hypnopoietic ” Although mes- 
merism was indeed superseded, rare cases of its use to produce 
surgical anaesthesia continued to be reported during the 
remainder of the nineteenth century 

The most important name connected with mesmerism is that 
of the physician, James Braid, who approached the subject in 
1841 in a spirit of scepticism He soon became convinced that 
a state of abnormal sleep could be self-induced by gazing fixedly 
at some bright object ( I generally use my lancet case, ’ Braid 
stated) held about 8 to 15 inches [20-38 cm ] from the eyes and 
a little above eye level This method he called neuro-hypnotism, 
and used it to get patients into a suggestible state for the treat- 
ment of physical and mental ailments, eg constipation and 
melancholia On one or two occasions he extracted teeth from 
hypnotized patients 

Braid s method of hypnosis was introduced into French 
medical practice by Azam and Broca m 1859 Its application 
in the treatment of nervous disorders was intensively studied by 
Charcot in Pans and by Liebeault and Bemheim at Nanyy 
From these beginnings psychotherapy evolved 
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THE HISTORY OF SURGICAL ANAESTHESIA 

Under the above title, Schuman’s of New York has published a 
history of anaesthesia by M3jor Thomas E Keys This work 
has developed from a chronological table illustrating the history 
of anaesthesia which was published in 1942 in Lundy s Clinical 
anesthesia The author also used the material on which the 
chronology was based for a senes of five papers on The 
development of anesthesia,’ ’published in Anesthesiology during 
the years 1941-1943 Later a selecuon of important references 
arranged by subject was published in two instalments m Current 
Researches in Anesthesia and Aralgesia Finally and at the 
suggestion of Professor Chauncey D Lwlc, the author revised 
his matenal for publication as a book 
The repeated opportunities of revision and re-assessment of 
material and the fact that Major Keys has been reference 
librarian to the Mayo Clinic assistant to the Librarian of the 
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have assisted at it if they did not get some sort of kick ’ out of 
it somewhere " 

Stated m more formal terms, the author s argument is 
0) Nobody would drink urine for any reason but that it was 
inebnant, (ii) the Zufli Indians drank unne , therefore (in) urine 
is an inebnant 

In the same section, the following entirely inconsequential 
and inconclusive anecdote is given (p 97) 

“ Mr Hampton, a well known pharmacist in Gloucester, 
tells me that a man of considerable education and social position 
told him that he was in the habit of drinking his own unne, 
unfortunately it was so long ago that Mr Hampton does not 
remember his reason for so doing ” 

As a further example of the sort of “evidence” by which 
contentions are supported, the author refers to an inscription 
in an Aesculapian temple recording a surgical operation He 
comments 

‘ though no drug is mentioned, this is where it is difficult to see 
now a drug could possibly have been omitted " 


On p 108 the statement is made that Peruvian Indians 
“ fill a wound with powdered cocoa [sic] leaves, which contain 
some 9 per cent of cocaine ” 

It is difficult to believe that the yield of cocaine from powdered 
coca leaves would be anywhere near as high as 9%, or that the 
use of such a high concentration of cocaine on an open wound 
could be attended by any but the most disastrous consequences 
Presumably the figure given is a misprint. 

The author appears to subscribe to the view that the applica- 
tion of belladonna to the unbroken skin relieves pain The 
continued use of belladonna plasters implies that he is not alone 
m this absurd and unwarrantable belief 

Apart from the criticisms made above, the book contains 
some interesting material which is evidently the fruit of extensive 
reading and enquiry It can, however, hardly be said to justify 
the publisher’s claim on the dust-wrapper that it is “ a valuable 
work of reference for all who are interested in the anthropological 
and social aspects of medical history ” (For pnee and other 
details see BMB 859 ) N ff J 


films 

This article is the second in a senes by medical 
men or biologists u ho hate had practical experi- 
ence in the production of films of medical interest 
Dr Organe has been largely responsible for the 
success of a series of medical educational films 
which is generally regarded as establishing a 
precedent For the first time, a senes of films 
comprehensively covering a branch of clinical 
medicine has been made by the close co-operation 
of a professional film-unit and a hospital depart- 
ment The films were produced by Imperial 
Chemical Industries Ltd in collaboration with the 
department of anaesthesia of the Westminster 
Hospital, London 
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medical direction of a 

SERIES OF FILMS ON ANAESTHESIA 

G S W ORGANE, M D , D A 

Honorary Anaesthetist, Westminster Hospital , Joint Lecturer in 
Anaesthetics, Westminster Hospital School of Mediant 

th^ aa rare * y ^ lave fallen to the lot of a teacher to be afforded 
•opportunity of making a senes of films covering many 
aspect of his subject Expense alone is prohibitive to the 
P vate individual who is not also an expert cinematographer 
an !cc hnician Such an offer is apt to be accepted by the 
uninitiated with a light-hearted enthusiasm The light heart 
S00D Brows heavy with the dawning realization of the imm en se 
amount of work involved , the enthusiasm or, more accu- 
ratel y. the sense of the importance of the task m hand 
endured, m this case, the two years or so taken for its 

completion 

Scope of Films in teaching Anaesthesia 
The art or, as it may become, the science of anaesthetics 
15 not a subject that lends itself easily to presentation in the 
lecture theatre It should, ideally, be taught by practice 
under supervision Unfortunately, suitable material is 
limited, the ground which should be covered is extensive 
and the behaviour of patients under anaesthesia is unpre- 


dictable Many important points are unavoidably missed 
as it is not possible to organize a senes of graded demon- 
strations as can be done, say, m the physiological laboratory 
Further, it is always difficult to compromise between the 
interests of the patient, who should always have the best 
available treatment, and those of the student Under the 
guidance of his teacher, he may never meet with serious 
difficulty and he will, therefore, be quite unfitted to deal with 
a grave emergency when, after qualification, he meets one 
for the first time Yet, theoretical instruction must precede 
practical experience if he is to gam the greatest benefit in the 
short time allotted to the subject 

Here seemed to be an opportunity at once to relieve the 
tedium of the lecture and to demonstrate those hair-raising 
difficulties which mean life or death to the patient but which 
the experienced anaesthetist can take in his stride 

The Film Unit 

We were fortunate, and also limited, in having assigned 
to us a professional documentary film unit. ' To appreciate 
our fortune one need only compare this senes of films with 
any yet made by amateurs as regards quality of photography, 
of cutting and of assembly To explain the limitations I 
must describe the org aniza tion of the unit assigned to each 
film In charge is a director — and assistant — who is respon- 
sible for the script, for the supervision of the photography, 
the cutting, the final assembly of the film and of the spoken 
commentary There is also the camera-man— sometimes two 
of them, each with an assistant The 35 mm cameras are 
cumbersome and must be supported on a tnpod , so, also, 
are the three or four lamps 

The presence of this small army, unaccustomed at first to 
the refinements of operating theatre technique, and of their 
impedimenta, place a strain on the less camera-minded 
surgeons Added to this is the not unnatural but quite 
unreasonable — and not always silent — resentment of some 
of the nursing staff at such frivolous innovations 

P lannin g the Series 

We started with a programme of eight subjects Two of 
these propagated by binary fission (there is, apparently, 
a limit to the tolerance of a student audience at any one 
session) and one was added An expected total of two 
hours' running time expanded to about five hours , and much 
of importance was >et left unsaid 


151 


FILMS 


FIG I ENDOTRACHEAL ANAESTHESIA 
PERORAL INTUBATION 



Print from the film on Endotracheal anaesthesia (for review, see 
BA1S 851) The anaesthetist is passing the endotracheal catheter by 
visual control with a laryngoscope 

FIG 2 ENDOTRACHEAL ANAESTHESIA 
NASAL INTUBATION 


the final shooting-script This last was modified from time 
to time as fortune presented the opportunity to shoot some 
scene which was too good to omit but which had not been 
included in the original version, or as it was found impossible 
to present some feature in the form that had been planned 

Production Problems 

Unless one has a very clear idea of what stages of any 
particular procedure are to be photographed, at what range 
and from what angles, one is likely to find that some essential 
points have been missed and that a whole sequence, often 
representing many hours’ work, has to be repeated Here it 
is that dose liaison between expert and director is essential 
for the work to be planned in detail Even so, it is only after 
each has acquired some experience that it becomes possible 
to judge how much can be done within the limits imposed, 
in this case, by the patience of the surgeon and by con 
sideration for the well-being of the patient It has been 
suggested that medical films would be better directed by a 
doctor , I do not feel that, unless he is himself an expert 
in the particular subject, he would be better able than an 
intelligent layman to interpret the ideas of the author The 
necessity for working to a script applies equally to the 
amateur cinephotographer obviously, when recording, say, 
successive stages of a plastic operation in an individual 
patient, there can be no going back to fill in gaps 



Print from a sequence in animated diagram The success of this 
procedure depends mainly on the correct position of the head 
The course of the air-passage from nostril to glottis is curved 
When a tube which has a similar curve is passed through the nose 
it tends to follow this curve and enter the trachea 

At an early stage came the realization that, as these films 
were to go to many countries and to be used by many 
teachers, one’s own opinions, however much one felt them 
to be in advance of the times, must be replaced by views 
acceptable, on the whole, to the majority though m their 
entirety not even to oneself It was also realized that, as no 
two experts hold identical views, the chief responsibility for 
each film must rest on one individual 

The first stage in production was the draft of a lecture de- 
signed with a view to illustration by appropriate action From 
this material the director prepared a draft shooting-script 
from which again, after discussion and emendation, emerged 


It is advisable for the rough prints of the day’s shooting 
to be seen by the medical expert as well as by the director 
Of a number of alternative shots, one may be better from 
the teacher’s point of view, or a shot that is technically 
excellent may not show sufficiently clearly the point to be 
illustrated and may even be misleading For example, one 
shot illustrating the withdrawal of local anaesthetic solution 
from a rubber-capped bottle into a syringe gave the impression 


FIG 3 NITROUS-OXIDE, OXYGEN, ETHER 
ANAESTHESIA THE APPARATUS 



,wmg typical apparatus designed to 
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that the operator s sterile gloved hands had touched the top 
of the bottle This sequence had then to be repeated from 
another angle which would avoid this impression Some- 
tunes these faults of presentation will escape those who are 
too intimately concerned As a corrective, all these films 
were shown in a rough state to students, both undergraduate 
and postgraduate, and most of them to teachers In spite of 
these precautions some errors have remained When the 
final version has been prepared, with commentary added, 
further amendment is almost impossible 

The production of the average documentary film seems 
to be a relatively leisurely affair with ample time available 
for setting up of lights, focusing and loading of cameras and 
so on — and ample time is needed 1 The lamps and cameras 
must be readjusted and the last refocused for each individual 
shot. The readjustment may take ten minutes or more for 
an exposure of a few seconds Where a surgical operation 
is in progress, the patient s interests set a limit to this, and 
we were fortunate that much of our work was done with a 
cameraman whose rapid guesswork produced results that 
were often brilliant and always adequate On one occasion 
a more orthodox cameraman was hurried because the 
surgeon was impauent of the delays, with the result that the 
whole of the afternoon’s shooting was out of focus 1 Where 
shots were needed, from different angles, of relatively tran- 
sient happenings, we found it necessary to have more than 
one camera, each poised at a selected vantage-point The 
less important matching-shots, where the operation did not 
come into the picture, were filmed, as far as possible, on 
conscious subjects In other cases volunteers were used 
Some members of the film unit were anaesthetized many 
hmes and came up smiling — after a suitable jjenod for 
recovery ' 

The ordinary black-and-white film was used and it is 
surprising how much can be conveyed, in this medium, of 
a subject that seems to call for reproduction in colour 


FIG 4 NITROUS-OXIDE, OXYGEN, ETHER 
ANAESTHESIA THE APPARATUS 



reDresi'n/ , 'i, a ,5 e< i ue nce in animated diagram The white dots 
the ft ttle °f nitrous oxide and the white rings represent 
ow °’ oxygen from the cylinders to the flowmeters 



Print from the film Spinal anaesthesia (for review see BMB 7747) 
A simple model for demonstrating the uses of hyperbaric ( heavy ) 
and hypobaric ( light ) solutions This demonstration portrays 
the distribution of heavy “ nupercaine (0 5% with 6% glucose) 
in the subarachnoid space 


FIG 6 LOW SPINAL ANAESTHESIA 



For low spinal anaesthesia 0 5 cm 3 of heavy nupercaine is 
injected between the third and fourth lumbar vertebrae giving 
an area of anaesthesia 2 6 inches (about 5-15 cm ) around the anus 
For anaesthesia including the first lumbar nerve I cm 1 is used 
with a little barbotage 


Apart from difficulties of supply at the time Kodachrome 1 
is not available in larger size than 16 mm and Technicolor 
requires an enormous camera verv accurate focusing and 
exposure, and a vast batters of lights that would strain ire 
tolerance of the most good-natured surgeon For technical 
reasons, 35 mm film was used although mam of the sho v 
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copies were to be printed on 16 mm For amateurs the 
16 mm film is more satisfactory and has the advantage that 
the necessary apparatus is both less expensive and more 
easily handled A 16 mm camera can, if necessary, be held 
by the operator, though better results will be obtained if it 
is mounted on a tripod 

Animated diagrams were used freely There is much that 
can be conveyed in no other way, but this is a method that 
is beyond the scope of most amateurs It is technically 
difficult and excessively time-consuming — one film waited 
over eight months for the completion of the animation It is 
difficult for the unimaginative author to explain his ideas , 
many delays were caused by this lack of rapport and by the 
clash between the artistic sense of the animator and the purely 
utilitarian outlook of the medical expert, who looks, chiefly, 
for something approaching anatomical representation 

The Recorded Commentary 

Last of all comes the recorded commentary — a much more 
satisfactory medium of exposition than the printed sub-title 
The draft is prepared by the director from the shooting 
script, shredded and rewoven by the medical expert, and 
re-edited by the director to fit the timing of the appropriate 
sequences It was disconcerting to find it an axiom of the 
documentary-filfn world that no subject may be expounded 


that is not at the same tune illustrated on the screen One 
had hoped to be able to amplify the lecture and to soften some 
of the more dogmatic statements— to have illustrated all the 
alternative views would have made the films interminably 
long It was, however, occasionally found possible to 
interpolate a few words of explanation against a background 
of comparatively unimportant action 
Many potential difficulties were avoided by the fortunate 
accident that my own voice was found to be suitable for 
reproduction Where a commentary is highly technical it is 
better spoken by someone familiar with the jargon It 
reduces the tendency to misplaced emphasis and to the 
speaking, as it were, in inverted commas, of a phrase or term 
that is unfamiliar to the commentator though it may be 
elementary to his audience There is no great skill required 
when, as here, the commentary is recorded without the film 
A “ fluff ” can be covered by repetition, after a pause of two 
or three seconds, and the best version is selected in the 
cutting room I would advise the commentator to simplify 
his script as far as he can The elegant phrase may prove an 
insuperable tongue-twister in front of the microphone 
This account of some of our difficulties may help others 
to avoid them, but the amateur must expect many disappoint- 
ments and much wasted time and material in his early attempts 
at film production 


[Overseas medical teachers and medical societies 
who wish to borrow or purchase prints of the films 
indexed or reviewed here should apply to the 
nearest British Council representative ( see page 
four of cover) or direct to the Editor, quoting the 
numbers used below, e g Film 848 Inclusion of 
a film in this section does not imply that a print 
will be available for loan or purchase In some 
cases it will be, and in others it will not ] 


THE I C ! ANAESTHESIA SERIES 

* 

No 4 THE CARBON DIOXIDE ABSORPTION 
TECHNIQUE For review see BMB 728/1 

No. 6 & 7. INTRAVENOUS ANAESTHESIA (Parts I & 2) 

For review see BMB 774/6 

No 8 SPINAL ANAESTHESIA For review see BMB 774/7 


849 No. 2: Open Drop Ether 


made by Realist Film Unit, 1944 , owned by I.C I , 16 nun 
sound, 1110 ft (330 m) , 35 mm sound, 2780 ft (830 m) , 
black and white , 31 minutes 


This film is a careful demonstration of the technique of 
induction and maintenance of anaesthesia by the open drop 
method The essential apparatus required and its manipulation 
are first shown and then the accessory apparatus Emphasis is 
laid on the value of premedication, reassurance of the pauent, 
and the necessity for reference to the patient’s records an 
clinical notes before starting induction The technique o 
induction is then shown with great care, and the a PP eara ?“^r 
recognition of the four stages of anaesthesia are dcmonstr 
in detail The film ends with a note of caution, describing how io 
avoid struggling in the second stage and how to deal 
should it occur This is probably the best film ^, v h n f «ac- 
series, and certainly the most useful to the majority P ^ 
titioners who are called on only in an emergency & ^ 
anaesthetic 


No 9 RESPIRATORY AND CARDIAC ARREST 

ror review see BMB 728/2 

★ 


848 No. 1: Signs and Stages of Anaesthesia 


made by Realist Film Unit, 1945 , owned by I C I , 16 mm 
sound, 850 ft (260 m ) , 35 mm sound, 2130 ft (640 m ) , black 
and white ; 24 minutes 


In this film the signs of anaesthesia are illustrated both by the 
demonstration of actual anaesthetized patients and by means of 
an ingenious animated diagram The student is introduced to 
the various stages of anaesthesia and is shown the signs by which 
they may be recognized Particular stress is laid on the value 
of the observation of the breathing as a guide to the depth of 
anaesthesia The subject is presented clearly and with imagrna- 
tmn, but the film is a little too long and contains rather too rmich 

diagram work 


850 


No. 3: Nitrous Oxide, Oxygen and 

Ether Anaesthesia (Continuous Flow; 


b by Realist Film Unit, 1944 , owned by ICI^ 
d, 960 ft (290 m ) ; 35 mm sound, 2410 ft (UV m i , 
white , 27 minutes 

diagram of the apparatus showsits g**™ 

low circuit, and method of outme which must 

t, the real equipment is shown, and l the 1 rout :e, 
dopted each day before it is used .of .testmg ^ 
sat The patient is brought in, ,^ d n £ " ™d her charts, 
reassured her, verified her clinical con * u °o 1S s hown 
inspected her records, the technique > o omfa 
2 tail, using pure N.O Whenthisst 2 t cautiously 
troduced, and then ether the method 

effect of introducing ether rapidly » sho asm Main- 
.„.wut,ncr tb* resultmc coughing or laryngcui 
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tenance of surgical anaesthesia is demonstrated Next, the film 
shows by diagram the gas flow in a partial rebreathing circuit 
the effects of CO, accumulation, the results of increasing or 
reducing the total gas-volume, and the dangers of tissue ether- 
saturation This film is of particular value for the student, who 
rarely uses the more complicated techniques, but prefers 
something more suited to hospital routine than open drop ether 
The film presents clearh the important steps as well as simple 
hints, and should be of great teaching value, although it is more 
mechanistic than humanistic in its approach by comparison 
with some of the others reviewed in this issue B S 


ssi No. 5 : Endotracheal Anaesthesia 


made by Realist Film Unit, 1944 , owned by I C I , 16 mm 
sound, 940 ft. (280 m ) , 35 mm sound, 3550 ft (1060 m ) , 
black and white , 39 minutes 

This film deals with all aspects of endotracheal anaesthesia 
As in previous films in this senes, the simplest possible apparatus 
is selected for demonstration, and the student is even shown 
how to make an endotracheal catheter from a coil of rubber 
tubing The hints on the care, storage and sterilization of 
catheters is also excellent There is a clear demonstration of the 
technique of passing both oral and nasal catheters Animated 
diagrams and actual photographs of the larynx help to illustrate 
each pomt and there is also a demonstration of faults in tech- 
nique and their results The film includes examples of the uses 
of endotracheal anaesthesia Once again clarity of presentation 
and photographic excellence place this film with the others in 
this senes in the first rank of medical teaching films A F-C 


852 No. 10 Operative Shock 

made by Realist Film Unit, 1945 , owned by I C I , 16 mm 
sound, 587 ft. [180 m ] , 35 mm sound, 1467 ft [440 m ] , 

black and white , 16 minutes 

The film starts with a descnpUon of the physical signs of 
operative shock, and emphasizes the importance of detecting 
this condition in its early stages This can be done by careful 
observation of the pulse rate and blood-pressure The first 
sign of danger is usually an increasing diminuUon in the difference 
between the systolic and diastolic blood-pressure It is pointed 
out that the condition of shock may be more easily prevented 
than cured, and the underlying causes are considered Dehydra- 
tion of the patient can be prevented by avoidance of excessive 
purgation and by allowing the patient to drink glucose and tea 
up to 2 hours before the operation The necessity to keep the 
pauent warm so as to avoid loss of heat is emphasized Before 
a long and serious operation it is important to avoid the minor 
accidents of anaesthesia e g respiratory obstruction struggling 
and vomiting, and it is therefore advisable to administer an 
intravenous barbiturate before using ether Traction on the 
mesentery during light anaesthesia and the unnecessary exposure 


of viscera and large raw surfaces lead to a fall in blood pressure 
and encourage the development of shock The dangers arising 
from prolonged deep anaesthesia and prolonged de-oxygenation 
of the patient can be avoided by maintaining an anaesthesia as 
tight as is compatible with full surgical relaxation and by keeping 
the airway free Sudden changes in posture e g from the 
Trendelenburg position to the horizontal are dangerous The 
importance of a pre operative injection of a vago pressor drug 
especially before a high spmal anaesthetic, is mentioned The 
danger of a low blood-pressure is that there is little margin of 
safety should an accident such as haemorrhage take place 

Turning to the treatment of shock, the film emphasizes the 
importance of intravenous drip saline in any major cerebral 
abdominal, or thoracic operation it is also advisable when a 
major amputation is contemplated Once the drip saline is 
working it is easy to change over to a transfusion of blood or 
plasma, should this become necessary A blood-pressure of 
90 mm systolic is given as the danger point at which intravenous 
drip saline must be started at a rate of 60 drops per minute This 
figure increases as the blood-pressure falls until 120 drops a 
minute may be necessary if the systolic blood-pressure has fallen 
to 60 When shock has already developed it is advisable to stop 
the operation until the drip saline is started, and if a response 
is not speedily observed it will be necessary to advise the surgeon 
to cease his work altogether 

This useful film will find a place in the teaching of anaesthetics 
though it is probable it will be of more value to the post graduate 
students than to the undergraduate Even for the latter however 
it will have importance for it will show that one more of the 
major complications of anaesthesia is explainable and treatable 

A 

853 No. 11 : Handling and Care 

of the Patient 

made by Realist Film Unit, 1945 , owned by I C I , 16 mm 
sound, 940 ft. [280 m ] , 35 mm sound, 2340 ft [700 m ] , black 
and white , 26 minutes 

How to reassure the patient undergoing an anaesthetic and 
how to look after him until he regains consciousness This film 
contains a wealth of information, and must be seen many times 
to be fully appreciated It is in two parts, the first itemizing all 
the simple errors which can impair the smooth course of anaes- 
thesia and make it an ordeal to the patient , indifference of 
attendants, unnecessary noise faulty apparatus — all are shown 
and once seen can be guarded against in the future The second 
part shows the course of an ideal anaesthesia the patient is 
reassured m many little ways and falls peacefully asleep The 
method of positioning a patient on the table the need for mam- 
taming warmth care of the e>es, and maintenance of a free 
airway are shown with a few unusual causes of embarrassment 
such as leaning on the chest or retracting the liver unnecessarily 
hard The safeguards to be observed while taking the patient back 
to the ward are followed by details of necessary attention until 
consciousness returns, the prevention of inhalation of blood or 
vomit being given special attention This is an excellent film 
which shows the importance of treating a patient as a person and 
not as a case ' it will be widely appreciated by nurses as well 
as students theatre porters and anaesthetists B S 
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854 Biological Actions of Sex Hormones 612.6 

HcroU Barrens CAMBRIDGE, LMVERSITV PRESS IMS is.514 
P\GES. 25 x17 cm. £2 2s. [£2 1) 


d factions of gonadotrophins fu) factors whiUi t afluca 
^ uvu> °£ lhc P aujLir y (m) factors nhiffi influence l 
reaction of the gonads to gonadotrophins (u) factors whu.h affect the cytologic 


structure and weight of the an ten or lobe of the pituitary (v) a general v.c* of 
the go n adal hormones (vi) androgens (vu) the _cuon of androgen on the 
reproductive organs before their complete different non (vui) the acuoa of 
androgen on the reproductive organs after their complete d*fferen*^iiion 
(u) the action of androgen on the accessory generative o'gans (x) the acuon 
of androgen on tissues and organs other than those alrcad> deal t * th (xi) 
(xii) the action of oestrogen on the cmbr>cu._ gonads and Mulicrum 
and W oltsian systems (xni) the acuoa of oestrogen on the aruenor lobe of the 
pituitary led on the gonads after their differenuaaon (uv xsi) the «cx*sn of 
oestrogen on the accessory gem oil organs af*cr the-r differ ent wo n, Jr a specu. 
ref er e a rc to inguinal hernia fxvji) the effects of oeshegm on the nism 
(xviu) factors in the causation of mammary cancer fane) the effects of gen 

on connective t i s su es and skin (xx) the actions of oesaogen ca c *ans c»rf 
t^an those considered in ca. ler chap ers (xn-exu) p eges^ns l i_u) 
hormones of the udremi cor’d Appendix itbnu iors s a -vrrs 
References. Glossarv index. 
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This book, the title of which is somewhat cryptic if not mis- 
leading, deals with the business side of medical practice Its 
author is a chartered accountant who has had considerable 
experience in investigating general medical practice from the 
financial point of view Apart from purely financial questions, 
the book deals briefly with the advantages and disadvantages of 
different types of practice, with professional etiquette and with 
various problems which confront the beginner The advice given 
is sound enough in the main, but the author Is not always on 
sure ground and some of his statements are more amusing than 
instructive In the chapter on “ Special sources of income ” 
we are told that ‘ Since King Edward VII had his appendix out 
appendixectonomy has been fashionable aild in certain cases 
necessary,” and that * circumcision is a small operation carried 
out both among Jews and Gentiles, which is quite remunerative ” 
The chapters on accounts and on income tax are clear but very 
bnef, and these sections, in which the author writes as one 
having authority, could well have been expanded The author 
himself states that it might have been advisable to defer the 
writing of this book until the Government proposals for the 
National Health Service have matured At the time of going 
to press it seems certain that private medical practice will be 
considerably affected and that all or much of this book will be 
outmoded 

NURSING 

858 Aids to Orthopaedics for Nurses 617 3 

Bertha E Waller LONDON BAlUlERE. TINDALL AND COX, 1945 

213 PAGES 97 ILLUSTRATIONS 16 5 r 10 5 cm. 4s. RO-2] 

(i) Introduction (joints splints measurements required for the instrument 
maker) , (ii) diseases of the nervous system , (ill) tuberculosis of bones and 
joints (iv) congenital and acquired deformities (v) tickets , (vi) diseases of 
bones and Joints , (vif) injuries to bones and joints (vui) physiotherapy 
(ix) plaster technique 

This addition to the Nurses' Aids senes covers the syllabus for 
the final orthopaedic examination of the General Nursing 
Council and provides a concise textbook for the student engaged 
in orthopaedic nursing The book will also serve as a useful 
work of reference for the general nurse Miss Margaret Dolesio 
contnbutes a chapter on physiotherapy, and there are appendices 
dealing with the iron lung, with the preparation of patients for 
operation, and with operating theatre technique There is also 
a glossary of terms in common use m orthopaedic surgery 
There are a few misspellings of personal names, such, as Bolder 
(Bohler) and Lambnnuidi (Lambnnudi) , the name of Denis 
Browne is given correctly m the text but is entered under Dennis 
in the index , the index refers to Bankhart’s wedge, page ill, 
but the correct reference is 112, where the name is correctly 
spelt Bankart In the section on torticollis (page 176) affected ’ 
should be effected ” These are minor blemishes m a worthy 
addition to this useful senes The author is sister tutor at the 
Royal National Orthopaedic Hospital and examiner to tne 
General Nursing Council and other bodies 
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859 Ancient Anodynes • Primitive anaesthesia and allied 
conditions 

B S Bills LONDON WILUAM HEDvEMANN (MEDICAL BOOKS) 
LTD 1946 187 P\GES, 22x14 an. £11*. [£1051 

(i) Introductory (ii) anaesthesia by physical means (hi) psychological 
anaesthesia (iv) inh a l ation (v) anaesthesia by known drugs . (vi) unnamed and 
various drugs (vii) local anaesthesia (viii) anaesthesia in different countries 
(ix) modem anaesthesia (x) conclusion References. Index. 

[See B MB 84 6 for renew ] 
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860 A Textbook of the Practice of Medicine 

Frederick W Price seventh edition London oxford 

UNIVERSITY PRESS 1946 ilv - 2034 PAGES 91 ILLUSTRATIONS. 

22X 14 cm. £2 2s. [£2 1) 

(0 Infection, immunity the filtrable viruses bacteriophage penicillin 
(ii) general infectious diseases (in) diseases due to metazoa (iv) diseases due 
to physical add chqmir^l agents (v) diseases of metabolism (vi) deficiency 
diseases , (vii) diseases of tne endocrine glands (viii) diseases at the digestive 
system (ix) diseases of the blood (x) diseases of the spleen and the reticulo- 
endothelial system (xi) diseases of the lymphatic system (xii) diseases of the 
circulatory system (xni) vasomotor neuroses (anrio-neuroses) (xiv) diseases 
of the respiratory system (xv) diseases of the kidneys (xvi) diseases of the 
joints and inflammatory diseases of the fibrous tissues and muscles (xvu) 
diseases of the skeleton (xvui) diseases of the skin (xix) diseases of the nervous 
system (xx) psychological medicine 

Affectionately known as the “ student’s bible,” this work has 
come to be recognized as the standard English textbook of 
medicine Drawing his contributors from the London teaching 
hospitals, the editor has produced a book that can justly claim 
to be representative of the best traditions of the London school 
of medicine The death of Sir Arthur Hurst deprived the book 
of one of its most outstanding contributors, but fortunately ne 
had revised the greater part of his section before his death 
The process of revision has been completed by Professor L J 
Witts The only other change in personnel is in the section on 
neurology, which for this edition has been revised by Dr Purdon 
Martin and Dr J St C Elkington, who thus maintain the close 
association of this section with the National Hospital for Nervous 
Diseases 

While London has every reason to be proud of this work, 
there is no room for complacency As our American colleagues 
are so fond of pointing out, time marches on ”, and if this book 
is to maintain its position m the medical hierarchy, much more 
care must be devoted to the preparation of the next edition. 
In view of the difficulties under which the present edition has 
been produced, the editor and his contributors are deserving of 
congratulation, but they must realize that no one can afford to 
rest on his laurels In the first place, they must decide whether 
they are writing a textbook or an encyclopaedia Too often is 
the difficult process of selection replaced by a mere catalogue of 
diseases, some of which have no place at all in a textbook of 
medicine , for instance, the section on diseases of the blood- 
vessels contains subsections on such entirely pathological entities 
as diffuse hyperplastic sclerosis, Monckeberg s medial sclerosis, 
and fatty degeneration of the media Even to suggest that these 
are clinical entities that have special symptoms, a definite prog- 
nosis and a definite form of treatment is merely intellectual 
obscurantism 

The question of what specialities should be incorporated m 
such a textbook as this also requires careful thought Many 
for instance, would feel that there is no good reason for including 
a special section on dermatology, and that the space devoted to 
this might be more profitably employed There are so many 
first-class textbooks of dermatology that such a section in a 
textbook of medicine is redundant One of the great defects of 
tins book has always been the absence of adequate illustrations 
It has been well said that one good illustration is worth a page 
of script, and in these days when the educational value of the 
graphic art is being increasingly emphasized, it is disappointing 
to find so little if any, advance in this respect in the present 
edition 

Finally — and this is a fault that appears to be inherent in 
textbooks as a genus — the old and discarded has not been pruned 
sufficiently It is distressing, for instance, to find pulv jalp co 
still recommended in the initial treatment of acute nephritis, 
while calomel is still included in the treatment of pneumonia. 

A similar reluctance to depart from the old purging habits is 
also shown in the treatment of diabetes meUitus While recent 
advances are not to be expected in a textbook it is with a 
shock that the reader finds sulphapyndine recommended as the 
drug of choice in the treatment of lobar preumorua Similarly 
no mention is made of the suiphonamides in the prcvenLon of 
rheumatic fever Indeed prophjlaxis in this disease is dismissed 
with a reference to tonsillectomy and appendicectomy Again 
care must be taken in a standard textbook to avoid discarding 
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treatment simply because something newer has been intro* 
duced, but there is no excuse for sentences such as this 
Novasurol is by far the most toxic of this group of diuretics, 
and its use has been abandoned in favour of other preparations 
winch are safer and little if at all inferior in potency ,r Then, 
why mention it at all r 
These criticisms must not be taken as detracting from the 
value of the book Rather are they evidence of the respect in 
which it is held by the reviewer, in that he has considered it worth 
while to give such a detailed criticism As a guide to the practice 
of medicine, this work can be safely commended to both student 
and practitioner The detailed index occupies 100 pages of the 
book, and is a necessary appendix to a volume containing so 
great an amount of varied information 
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861 A Manual of Tuberculosis : Clinical and 

Administrative 

E Ashworth Undtniood THIRD EDITION EDINBURGH, E Sc s 
LIVINGSTONE LTD 1945 xv t - 524 P AGES , 83 ILLUSTRATIONS 
18 1 13 cm 15s (£0 75] 

(0 The seed, the sod and the sowing (i) the reaction of the body , (ili) the 
evolution of pulmonary tuberculosis (tv) allergy and immunity in tuberculosis 
(v) pulmonary tuberculosis — symptoms and signs (vi) x rays and their use m 
tuberculosis , (vn) the course and complications of pulmonary tuberculosis , 
(vm) the institutional treatment of pulmonary tuberculosis (ix) management 
oz patients m institutional treatment , (x) the mental aspects in tuberculosis , 
(xi) the medical treatment of pulmonary tuberculosis , (xil) collapse therapy , 
operative methods m diagnosis and treatment (xiu) tuberculosis in children , 
(xiv) tuberculosis of bones and joints , (xv) light treatment m tuberculosis 
(xvi) laboratory methods , (xvu) the domiciliary management of tuberculosis , 
(xvui) disinfection and disinfectants (xix) the post sanatorium rdgime instruc- 
tions to the patient , (xx) the tuberculosis dispensary , (xxi) administrative 
measures , ([xxu) the epidemiology of tuberculosis , (xxlii) tuberculosis and 
social medicine (xxiv) tuberculosis and war Glossary Recommendations 
for further study Index 


There are not many books of recent date in English on 
tuberculosis, and such works as do exist are practically all 
confined to the pulmonary or the non-pulmonary forms of the 
disease, or to particular problems of administration and control 
The treatment of any case of tuberculosis nearly always demands 
action which is far beyond the scope which the older physicians 
would have considered as falling within their province, and any 
doctor who has to deal with such a patient should certainly know 
sufficient about the modern non-medical methods to enable 


him to guide the patient under the supervision of the expert 
It is strange that up to the present neither the student nor the 
junior physician — in hospital or in general practice — could turn 
to any single book with the feeling that m it he would be able to 
obtain an introduction to the whole of the tuberculosis problem, 
whether on the pathological, the clinical, the social, or the 
administrative aspects 

Dr Ashworth Underwood has now filled the breach in an 
eminently satisfactory manner In the third edition of his well- 
known Manual, he has rewritten the book almost entirely with 
this end in view — namely, to present a comprehensive account 
of tuberculosis in all its aspects, clinical, social and adminis- 
trative In this task he has been entirely successful, and he has 
provided a textbook Which is umque in its scope and in the 
manner of its presentation Despite the wide field which is 
covered, the book is written in a simple and clear style which 
carries the reader along without effdrt, and, although 
Dr Underwood writes essentially for the student and prac- 
titioner, there is no reason why the work should not be of great 
value to lay administrators and nurses who are specializing in 
tuberculosis work , „ 

After introductory chapters dealing with the tubercle bacillus, 
methods of infection, and pathological features, there are new 
chapters on the evolution of pulmonary tuberculosis , on allergy 
and immunity , on * rays and their uses , and on the mental 
asnects of tuberculosis The clinical aspects of pulmonary 
and non-pulmonary tuberculosis are dealt with in an attractive 
manner, and later in the book there are other new chapters on 
5" .cat laboratory methods , on tuberculosis and social 
medicine and on tuberculosis and war The sections on 
after-care and rehabihtauon, on administrative measures, and on 
are esneciaUy good, and there is a masterly exposi- 

ttnnhtSro of maintenance allowances A glossary 
non of the application oi ™ f } tuberculosis workers, 

*«,= ,s a weH-rdeCed 

bibliography and a full index 


c^t^ ene e a ^ pro ^ uctlon ^ 00 * c does justice to thehigh 
standard of its contents The illustrations, particularly the 
radiographs, are excellent Dr Underwood has produced a 
book which is a model of its kind, and which ought to be read 
by everyone engaged in tuberculosis work Though it is essen- 
tially an exposition of Bnush practice, due note is made of 
important researches m other countries 


862 Medical Jurisprudence and Toxicology 340 6 

John GlaiSttr EIGHTH EDITION EDINBURGH E A S LIVING 

aSjamfWuL “no, 91 (£U] ES ’ 222 ILLbSTRAT[0NS < 83 lN 


W incoicju v-ouncu. malpraxu legal procedure, and workmen i 

compensation , ( 11 ) medical evidence , (in) identification (iv) the medico-legal 
aspects of death , (v) death certification and cremation , (vi) asphyxia , (vu) death 
Irom lightning, electricity and burning , (viu) death from starvation and neglect 
and from cold and exposure effects of heat , (ix) - , 

wounds (x) examination of blood , (xi) states of v . 

legal aspects of sexual functions and criminal abortiot v > 
murder , (xiv) rape and carnal knowledge and other sexual crimes , (xv) lunacy 
in its medico-legal aspects , (xvi) law relating to poisons (xvu) genera action 
of poisons evidence and treatment of poisoning , (xvui) corrosive poisons , 
(xix) metallic and some non metallic poisons , (xx) gaseous and certain volatile 
poisons and anaesthetics , (xxi) the alcohols , (xxn) hypnotics and anupyreUcs 
(xxiu) vegetable poisons , (xxiv) additional poisons (xxv) food poisoning 
(xxvi) plant irritants, arrow poisons stmgs and bites (xxvn) war gases and 
effects of blast Appendix Index 


Glaister’s Medical jurisprudence and toxicology has long been 
established as one of the standard works on its subject, and 
this new edition, which has been fully revised and brought 
up-to-date, w ill maintain its reputation Considerable additions 
have been made to the text, particularly on the more purely legal 
side The sections on identification are extremely detailed and give 
much information unobtainable m any other book intended 
primarily for the doctor The number of illustrations has been 
greatly increased, but the colour photographs, which are intro- 
duced for the first time, leave room for improvement In this 
edition the names of authors have been added to the references 
at the ends of the chapters, but it would make for even greater 
ease of reference if these lists were arranged according to one 
of the more modern systems in which the authors’ names are 
given first place in the entry 
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863 A Synopsis of Forensic Medicine and 
Toxicology 

E W Caryl Thomas SECOND EDITION BRISTOL, JOHN 
WRIGHT AND SONS LTD 1945 vm + 179 PAGES 18 5 v 12 cm W 
[ £° 5] 

(i) Legal position and responsibilities of the medical man (u) mctlieal evtden^, 
(m) signs of death and phenomena which follow death (iv) medico- legal aspje 
of identification, examination of the dead, exhumation and embalming W 
of dying (vi vu) death from special causes (vm) examination and recog^ , 
of blood stains , (lx) sexual matters and pregnancy (x) (“gal 

infanticide, stillbirth , (xi) insanity, mental deficiency drunkenness in * n[ 
relations , (xn) Insurance (xm) toxicology , (xiv) corrosive ana 
poisons (xv) narcotic and other poisons . . „,„dn-ine 

In this synopsis the extensive subjects of forensic medici m 
and toxicology have been considered from the P omt . » n i v 
the general medical practitioner, but the book is extraora 
cnmnlete and is a marvel of compression 


616 ( 213 ) 

Diagnosis and Treatment of Diseases m the 
Tropics 

H C Troaell second edition London 

TINDALL & COX 1945 xiv t 219 P VGES 35 ILLUST 

16 5x10 5 cm 4 j (£0 2J medical 

The general principles of medical diseases , ^ common surgical 

ses (in) the general principles of surgical diseases ,i/. , 

ses , (v) special varieties of inflamroauon , ( ) , j ^ stages of the 

general fcvSre (vih) fever due '^^“nereal andother specul 
uve tract, (x) specml medial diseases, (»> vener 
ses (xii) diets and malnutriuon index . 

. , . 5 »r,»e of Medical manuals jor 

his little book is one of the series o native nU r ses, 

cans and is written for ttstracwm^ had considerable 
ensers and health orderlies Die author^nas^ Uganda and 
inence of practice and teaching m iK ( - y conveyin g what be 
has succeeded in his avowed l aim of conveymg 
aders to be the basic knowledg f b me m tcliigcnt 

;h must be acquired in order for musing Diets and 

h.e edition, which contains a new cnapioi 
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Nutrition, the booh is admirably designed to serve the purpose 
for which it was written 

616 8 (02) 

865 Diseases of the Nervous System Described for 
Practitioners and Students 

F M B Walbe FOURTH EDITION' EDINBURGH E. i. S 
LIVINGSTONE LTD 1945 in +360 PAGES 51 ILLUSTRATIONS 
22x14 cm. 15$. [£)75] 

(i) Introduction non anatomical factors in diagnosis (ll) anatomical or 
lo calizing factors in diagnosis (ui) space-occupying lesions within the skull 
tumour tiaematoma, abscess (iv) vascular disorders of the brain (v) epilepsy 
idiopathic and symptomatic (yi) migraine (paroxysmal headache) (vu) acute 
infections of the nervous system (vni) syphilis of the nervous system (ix) 
disseminated sclerosis (multiple sdezous) (x) paralysis agitans (Parkinson s 
disease) (xi) rheumatic chorea (Sydenham s chorea) (xii) injuries of the brain 
concussion and contusion (xui) compression and injuries to the spinal cord 
(xiv) subacute combined degeneration of the spinal cord (xv) the heredo- 
familial ataxies Friedreich s disease (xvi) muscular atrophies (xvoi) m> as- 
thenia gravis (xvui) multiple peripheral neuritis (polyneuntis) (xix) lead 
poisoning of the nervous sjstem (xx) common affections of the cranial nerves 
(xxi) sciatica and brachial ncuntis (xxii) affections of the spinal nerves 
(xxni) some common nervous affections of infancy and childhood (xxiv) bromide 
intoxication (xxv) some general observations upon the treatment of nervous 
diseases (xxyi) torticollis and the tics (xxvu) occupational cramps (xxvui) the 
psychoneuroses , (xxix) a simple scheme of examination of the nervous system 
Index 

The fact that this book has reached a fourth edition within 
five years of its first publication is sufficient indication of its 
value as an introduction to clinical neurology It is a thoroughly 
practical textbook based upon the author’s long experience in 
practice and teaching and its success is well deserved In this 
edition the chapters on peripheral nerve lesions, herpes zoster, 
cervical nb, sciatica and protrusion of the intervertebral disc 
have been rewritten, and new sections on the aetiology of 
nervous disorders and on psychosomatic illness have been 
included The radiograms and other illustrations are excellent, 
but there are several errors in the references to them in the text 


In one or two cases the page references in the index have not been 
correctly altered in conformity with the revised text, and 
Frohhch’s syndrome has been entered as Frohch’s ” syndrome 
(For review of previous edition see BMB 344/12 ) 

866 Surgical Nursing and After-Treatment 617-083 

H C Rutbtrford Darling NINTH EDITION LONDON J a A 

CHURCHILL LTD 1946 irn-r 694 P*lGES 211 ILLUSTRATIONS 

18 1 12 cm. 12$. 6d. Ufi 625J 

Section I General Surgical Nursing (0 Bacteriology infection, inflamma- 
tion suppuration and rigors (n) immunity and new growths (w) septic 
mfectioiv—loca] general and regional (iv) ulceration, bedsores and gangrene 
(v) tetanus, gonorrhoea and syphilis (vi) tuberculosis anthrax snake- bite and 
burns and scalds (vu) wounds — varieties complications and treatment 
(v/zi) surgical technique (ix) ligatures surgical needles lotions powders and 
drainage materials (x) the operating theatre (xi) operations m private practice 
(xii) instruments required for surgical operations (xui) after treatment of 
operations, immediate and remote (xiv) haemorrhage (xv) shock, syncope, 
collapse concussion and cerebral irritation (xvi) splints casings and extension 
apparatus (xvu) fractures dislocations and sprains (xvui) surgical nursing 
operations (xix) bandaging — principles of bandaging, special bandages — -slings 
Section II Regional Surgical Nursing (xx) operations on the head (xii) 
tracheotomy intubation, asphyxia and drowning (xxu) neck and chest opera 
tions (xxiu) operations on the abdomen (xxiv) operations on the stomach and 
intestines (xxv) operations on the b diary passages appendix and hernia 
(xxyi) operations on the rectum (xxvu) the unne (xxvui) gem to- urinary 
operations (xxix) gynaecological operations (xxx) eye operations (xxxi) ear 
nose and throat operations (xxxu l affections of the spine (xxxrn) operations 
on the extremities (xxxiv) massage and movements (xxxv) operations on 
diabetic patients (xxxvi) collection of pathological specimens (xxxvu) prepara 
non for radiological examination and radium therapy Appendix. 

This valuable textbook and reference book has already proved 
its worth not only to members of the nursing profession but also 
to medical students concerned with the care of patients in the 
surgical ward The ninth edition has been thoroughly revised 
and brought up to date, and mcludes a number of practical 
suggestions bom of the authors own recent experiences as a 
surgical patient 
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should be noted that supplies of all publications are limited and there can be no certainty that 
publications ordered or requested for review will be available Publications are classified accord- 
ing to the Universal Decimal Classification and the classification number of each publication is 
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CORRIGENDA 


Vol 3, No 6 

BMB 726/1, para 4 for Davy had (in 1799) discovered nitrous oxide, read Davy had 
(in 1799) discovered the anaesthetic property of nitrous oxide 
BMB 728/1, line 7 for values read valves 


Vol 3, No 9-10 

BMB 794/18 In the review of Tratamiento pre y postoperatono, for proteinaemia read 
hypoprotemaemia 


Vol 4, No 1 

In vol 4, no 1 of the Bulletin several misplacings of type occurred, especially on page 1, 
after the page proofs had been passed for press Among such misprints, the following 
should be noted 


Page 13, col 2, line 33 for alpha radiation 
read alpha radiation 8 

Page 16, col 1, line 7 for 400 ions read 400 lons/jt 
Page 20, col 2, line 12 for hemi, read hemi- 


Page 20, col 2, line 15 
Page 41, col 2, hue 8 
Page 41, col 2, line 11 
Page 74, col 1, line 1 


for Muller- read Muller, 
for F12 12 read PIG 12 
for Miller read Miller 
for 81 read 815 
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Annals of Tropical Medicine and Parasitology 
39 December 1945 

Studies on synthetic antimaiarial drugs I Biological methods (F HS Curd 
D G Davey & F L Rose) 139-156 v • 

StudiM on syndetic antimalarial drugs II General chemical considerations 
(F H S Curd, D G Davey & F L Rose) 157-164 
Studies on synthetic antimalanal drugs III A preliminary Investigation of the 
therapeutic action of 3349 on acute attacks of benign tertian malaria (ARD 
Adams Sc G Sanderson) 165-163 

Studies on synthetic antimalarial drugs IV A preliminary Investigation of the 
therapeutic action of 3349 on acute attacks of malignant tertian malaria 
(ARD Adams & G Sanderson) 169-172 
Studies on synthetic antimalarial drugs V Further investigation of the thera- 
peutic action of 3349 on benign tertian and on malignant tertian malaria 
infections (A, R D Adams & G Sanderson) 173-179 ^^ 

Studies on synthetic antimalarial drugs VI A comparison of the therapeutic 
actions of 3349 and of mepacnno hydrochloride on acute attacks of benign 
tertian malaria (A. R D Adams &. G Sanderson) 18CM81 
Studies on synthetic antimalarial drugs VII Turbidimetric deter mina tion of 
2 - p-chlorophenylguamdmo-4 S-diethylammoetbylamino-6-methylpynmidme 
(3349) (A. Spinks) 182-189 

Studies on synthetic antimalanal drugs VIII Colorimetric determlnauon of 
2 - p - chlorophenylguamdino -4 • B - diethylaminocthylamino - 6 - methyl - 
pyrimidino (3349) (A Spinks & M M Tottey) 190-196 
Studies on synthetic antimalarial drum IX The excretion of 2-;>-chlorophenyl 
guamdino - 4 - j3 - diethylaminoethylamino - 6 - methylpyrimldlno (3349) in 
human urrno (A. Spinks & M M Tottey) 197-207 
Studies on synthetic antimalanal drugs X. Some biguamde derivatives as new 
types of antimalanal substances with both therapeutic and causal prophylactic 
activity (F H S Curd, D G Davey & F L Rose) 208-216 
Studies on synthetic antimalanal drum XI An investigation of the therapeutic 
action of 4430 on benign and malignant tertian malaria (ARD Adams. 
R H Townshend & J D King) 217-219 
Studies on synthetic antimalanal drugs XII Determination of N, p-chloro- 
phenyl-N, methyl-N.-isopropylbiguamd (4430) and N. p-chlorophenyl N,- 
lsopropylbiguamde (paludnne) a preliminary report (A Spinks & M M 
Tottey) 220-224 

Studies on synthetic antimalanal drugs XIII Results of a preliminary investi- 
gation of the therapeutic action of 4888 (paludnne) on acute attacks of benign 
tertian malaria (ARD Adams B G Maegraith, J D King, R H 
Townshend, T H Davey & R E Havard) 225-23 1 
Studies on synthetic antimalanal drugs XIV Results of a preliminary investi- 
gation of the therapeutic actioa of 4888 (paludnne) on acute attacks of malignant 
tertian malaria (B G Maegraith, A R. D Adams, J D King, R H 
Townshend, R H Davey & R E Havard) 232-236 

Archives of Disease in Childhood 
20 December 1945 

Infection in infancy (R. Cruickshank) 145-150 

The clinical material of health in paedlatncs where to get it, and how to use it 
(C McNeil) 151-154 

The nature of Still's disease with report of a case (F A Langley) 155-159 
Decrease of serum cholesterol ester in haemolytic disease of the newborn 
(A Rothe-Meyer & E M Hickmans) 160-165 
Osteomyelitis of tho jaws in infancy treated with penicillin (N M Jacoby & 

L Sagonn) 166-168 

Tho measurement of the nutritional level of thiamin in children by the estimation 
of tho urinary excretion (E C Alhbono & B Finch) 169-175 
Idiopathic muscular hypertrophy of oesophagus, pylorus, duodenum and 
jejunum in a young girl (K J Guthnc) 176-178 
Cystic fibrosis of tho pancreas (W D Henderson) 179-181 

Biochemical Journal 

Partial Index 

39 1945 

Observations on tho microbiological determination of riboflavin in blood 
(BAM Bradford & H Coke) 379-385 
Rennet hysteresis and the calcium phospbato pf milk (G T Pyne) 385-390 
Interfering substances in tho Roe and Kuether method for tho determination of 
SsStae acid (J R Penney & S S Zilva) 392-397 
The effect of mycophenoUc acid on the growth of Staphylococcus aureus in heart 

broth (E P Abraham) 398-408 , rtr * xr u iv r v 

Metabolism of acetoacetato m animal tissues 1 (H A Krebs & L V 

Thn^ffect'of various chemical and physical agents on tho dehydrogenating 
of Eber, hello typhosa (K Guggenheim) 419-423 
Nomograms for manometer constants (M Dixon) 427-434 

conditions controlling the production of hyaluromdase by micro organisms 
in simolified media (H J Rogers) 435—443 
Th?hnkage o?glutamine in proteins (F Haurowitz & M Tunca) 443-445 
Sutoporphyna U some properties of porphobilinogen (F T G Prunty) 

the metabolism of semen I General aspects, occurrence and distri- 
St hunon of cytochrome, certain enzymes and coenzymes (T Mann) 451-458 
StucUM on the metabolism of semen H Glycolysis in spermatozoa. (T Mann) 

Phospbonc esters of the pancreas choline glycerophosphate (B J King & 

M Aloisi) 470- 473 calcium on the enzymic breakdown of certain 

The action of magnesu™ ““ “ & H N Green) 474-478 

adenine compounds, (H» {H BlaschJ , 0 & r. Dutfaie) 478-481 

Substrate solution with mineral precipitates insoluble in 

Chromato^aphy » J separation of ammo-aads by adsorption on 

An^&cifsmirffo^mtiSltimaUon of haemoglobin. (Q H Gibson* 

^ £*£$$£££« vitanun E in vegetable oils (J Tobd * T Moore) 

498-507 


The free amino groups of lnsuhn (F Sanger) 507-515 
Growth and diabetes in normal animals treated with pituitary (anterior lohei 
diabetogenic extract (F G Young) 515-536 tanierior lobe) 

Brain 
68 1945 

the ' discharging lesion " in neurology (J V Martin) 167-187 
A case of topographical disorientation associated with a unilateral cerebral 
lesion (A Paterson & O L Zangwill) 188-212 
Folio d deux in uniovular twins reared apart (W H Cratke Sc E Slater) 213-221 
222 239 ° pment of ^ human lateral geniculate body (ERA CooperJ 

British Dental Journal 
80 15/2/46 

Treatment of 1,000 jaw fractures (P Clarkson, T H H Wilson * R S Lawne) 

Some evldenco of a wartime reduction of the caries incidence in children 
(D H Oliver) 115-118 ^ 

80 1/3/46 

Orthodontia for the masses (R H McKeag) 149-154 
A contribution to the problem of intricate acrylic restorations with special 
reference to the M O D inlay (J J Wahle) 154-157 
Adjustable non solid appliance for nasal restoration, attached to upper denture 
(H S Ashworth) 157-160 

80 15/3/46 

Dental education and research (the Teviot report) (H F Humphreys) 183 185 
The treatment of severe prognathism by Kostecka’s operauon (W Grossman, 

P Clarkson & A H Green) 186-187 

Further observations on penicillin soluble albucid dressings (A D Hitchia) 
190-192 

School dentistry in West Sussex (H D Hall) 192-195 
Silver amalgam stainless steel crowns direct technique (R G M Heavenor) 
199-201 

British Heart Journal 
, 8 January 1946 

Thomas Lewi* [obituary! (A N Drury, R T Grant & J Parkinson) 1-5 
The mechanism of the Wenckebach typo of A-V block (G M Dechetd ana 
A Ruslan) 6-16 

Hypoxoemia tests in coronary disease (G Blorck) 17-24 

Myxoedema with pericardial effusion (R Schmtzer &*D Gutmann) 25-28 

Angina pectoris with associated left paroxysmal ptosis (H G Miller * 

R Dafey) 29-32 „ „ , . 

Induced changes in the circulation m constrictive pericarditis (R H Lyons oc 
C S Burwell) 33-46 - . 

Paravertebral block and the electrocardiogram In angina pectoris (K Braun; 
47-52 

British Joarnal of Dermatology and Syphilis 
58 January-February 1946 

The future of B P ointments (A R G Chainings) 1-5 

British Journal of Ophthalmology 
30 March 1946 

Penicillin and vitamin C in the treatment of hypopyon ulcer (T C Summerj) 
129-134 


Brown) 146-167/ _ _ _ wash Scott) 

Penicillin treatment of ocular inflammation (I C Fraser & A. A. 

Thrombin technique in ophthalmic surgery (T G W Parry S G C Laszlo) 

Survey of the treatment of traumatic corneal ulcer 1941-1544, Royal Hosp , 


Sheffield (A Smith) 178-186 


British Journal of Physical Medicine and Industrial Hygiene 
9 January-February 1946 

Rehabilitation of the disabled a sociological study (A /LUer) 2-7_ s 
Electrical convulsion therapy apparatus and mdicauons lor ns 

A colhSymedical service in practice (G F Keaunge) li-ISjj } } 

Sepsis and tho physiotherapist. (R. E O Wdhaaw i * : M [ Wiuianw 
The control of lung disease m industry (R. Herman) ZJ-ZJ 
Oral sepsis and its treatment (T G Evans) 25--/ . 2 y-29 

Industrial medicmo in a Midland town, (W C Aliardicc) 

British Journal of Radiology 

19 March 1946 m m 

Cytoiogical analysis of the response of m alig n ant tumours to um Kotlcr i 
approach toa biological bails for dosage in radiotherapy if 
D W, Smithers) 89-100 . „ 3vm nojiiim (A S Johnstone, 

Non malignant conditions of the oesophagus , joi-1 17 . 

------ McLaren & M E Grossmano,/ w* . broncho* 


a case oi n raaiograpn/ v* — 

* Bite-wing" x: rays a scheme for mass denial * 

FaJ^Vbrachydactyly with associated bibterri coxitis ° 

Lenard s share in the discovery of x rays tr 


160 



GUIDE TO JOURNALS 


British Journal of Surgcrj 
33 January 1946 

The surgery of the thymus gland (G Ke>nei) *01-214 

Corstncave pcriwirduii IT H Sdlon) 2I5--30 v . . v *» 

The List hitn in account of the abdominal injuries °f * ■ *5^ , 7 
jihasesof the war on Britain end of the shelling of Dover (G Gordon Taylor) 

ThaGamaa hosptul centre at Abano Tcrme, (F Mitchell Heggs & W J Walter) 

E^jx aun enlal observations on the use of absorbable and non absorbable plastics 
in bono surgery (G Blaine) 245-2SO isn_nl 

Interesting cervical tumours a report of three cases (P Walton) 250--57 
Penetrating uouuds of the chest. (W F Nicholson) *57--66 loan 

Survey of abdominal wounds in 21 Army Group (June 1944-May, 1943) 

Spontancou^gutgrcno" of the scrotum (Fournier s gangrene) (O T Mansfield) 
275-277 . . « v 

A ‘ax'oC hmdnuarter ampuuuon for chondro-nyaosarcoma of the nght thigh. 

(LM Hm&LP Todd) 277-279 _ w,lmn) 

Spontaneous rupture of the spleen in sarcoidosis (I Junes a. j rruso j 

The M*£\L sphjgmosvope in vascular injuries (F D Malhason & D O 
W illiams ) 282-285 

The relative tnodt peg of stcrnomastoid and ocular torticollis in aircrew recruits 
J Grieve) 2S5-2S6 

British Journal of Tuberculosis and Diseases of the Chest 
40 January 1946 

Surgical techniq u e in thoracoplasty with particular reference to sepsis tr k. 
Edwards) 4-10 

Pulmonary tuberculosis and pregnancy (R- C. Cohen) 10-48 
Observations on mjoutic imtabiliry (L. Martin) 49-51 

British Journal of Venereal Diseases 
21 December 1945 

Peaidllin therapy of early syphilis follow up examination of 792 patients six 
or more months after treatment (D M Pulsbury) 139-150 
The treatment of gonorrhoea with penicillin (J M a rsh a l l) 150-162 
Gumma of the thyroid gland (S M. Laird) 1 6X- 1 66 . _ _ 

Intensive arsenotherapy of early syp hilis (T R. L Jones & F G Maitlanaj 

Oral administration of bistovol in general paralysis (R Pa hen ham Walsh) 
174-176 

22 March 1946 

The treatment of infective arthritis with sp ec ial reference to hyperthermia 
(A.J King, D L Williams C.S Nicol & J Loudon) 1-15 
The practical advantages of the Laughlcn lest for the diagnosis of syphilis. 

(G F Laughlcn) 15-20 _ . . „ 

Sociological and psychological factors in \encreal disease (A* hcsslcr; 

The prevention of syringe- transmitted hepatitis (S M Laird) 29— U) 

British Medical Journal 
X 23/2/46 

Expulsion of pathogenic organisms from the respiratory tract. (7 F Duguid) 
265-268 _ _ , 

Plasma viscosity a elimral test (J Harkness J Houston & R. B Whittingtonj 
268-270 

Non-absorption of mepaenne dcscnption of a case. (J Yudlon)271 
The cephaha flocculation test in malaria. (J G Makari) 272-273 r 

Some pacd i atnc problems presented at Belsen camp (W R. F Corns & r i— 
MacCkmcy) 273-275 

Spontaneous rupture of the liver complicating pregnancy (H. Lndcs) 275-276 
Notes on the psychology of prisoners of war (A. L Coc hran e) ZoZ-xS4 

^ 1 2/3/46 

«ie diagnosis of amoebiasis (W E. Kershaw) 305-307 . 

Acroparaesthesia in the lower limbs unexplained pains in the legs at mgnu 
(J P Martin) 307-303 

The problems of diphtheria. (J Grant) 309-312 , . _ . 

Pre&ontal Ieucotomy in treatment of post-encephalitic conduct aisoruer 
(F T Thorpe) 312-314 . 

Fc mrillm in gonorrhoea the single-injection method. (A. A l l a n) 314—315 
Traveller's oedema. (K. Zacopoulos) 322 

- 4tl 1 9/3/46 

The health of India. (J Megaw) 343-347 _ „ 

of delayed menstruation and its treatment an investigation in tnc 
Women s Auxiliary Air Force (N Sher) 347-349 „ „ - T w 

and upper respiratory tract infection. (F A Knott & J 
Blaikley) 349-350 

of ephednne in bronchial asthma and emphysema. (H. Hcrxh eimer) 
350-352 

Transient non specific Wassennann and Kahn reactions in a case of infective 
(J n* Waelsch) 353-354 ^ 

surgical treatment of entenc group earner (K. Fraser <t J S Fauios; 

-40+-355 

R ^ rr S? t dislocauon of the shoulder the Johannesburg staple driver 
(H. Ogflvie) 362 

subacute bactenal endocarditis report to the Medical Research 
Coundl on 147 patients treated m 14 dentres appointed by the Penicillin 
Tnals Committee. (R. V Christie) 381-383 , _ 

treatment of subacute bactenal endocarditis by penicillin preliminary report 
(G E - S Ward > R- J- Meanoch, F R. Selbie & R- D Simon) 

S3 m” 3n“ ID3r m arteriosclerosis (E. D Telford 4H.T Simmons) 

l >T i~iai9hms cancer in childho od report of an unnsnal case. (A. Dick & 
H. 5 Elcr) 3S7-3S8 

aS!i'^a? r ? 5roc ^. 1,01:0 »ftcr bone-graftmg. (D Brown) 3S9-391 
Argentaffin (caronoid) tumours of the small intestine. (A. A. Bonar) 391-39- 
Moal medicme m old age. (T H Howell) 399-100 


1 23/3/46 


The health problem m Berlin (July 1943 to January 1946) (P G Horaburgb & 

Nutriuon Ri of >U sch<xil-chi!dren tn Leeds winter 1943 and summer 1944 
(F W Chatuw^ F C Happotd & A M Happold) 429-430 
Unusual gunshot wound of the internal carotid artery (S L. Schwarzwald) 

Con£trfital malana (A Edutan & W C W Nurnn) 432-433 
Hypertension in ruptured kidney (D C Corry) 433 

1 30/3/46 

British Medical Associauon and the Nauonal Health Service Bill 461-474 

Application of nutntion to public health some lessons of the war (H E Magee) 

t 4I^ of chest wounds tn forward areas a review of 100 cases (W Mtchia. 

H. W C. Bailie & J Macphenion) 482-1 64 
Myelitis from mumps (R. Lishtwood) 484-485 
Lnisunal obstruction during late pregnancy (D W Jams) 435-486 
Traumauc blepharospasm as an isolated symptom. (G P Crookes) 486 

1 6/4/46 

Surcica.1 aspects of congenital heart disease (A R. Gilchnst) 515-519 
Resast^t anaemia a note on the differential diagnosis of pernicious anaemia 
and familial acholunc jaundice (A. H Douthwane & R. L. Waterfield) 

C with a reoort of a case (M Harmer & J A. Chalmers) 521-523 

ISjSScS^of the^ premenstrual fever in pulmonary tuberculosis (R. Grenville 

BlrndncsTn^tm urban centre w Nigeria (F E Stock) 525-526 , 

Rehabilitauon of Forces neurosis patients to civilian life. (M Jones) 533-535 

1 13/4/46 

Industrial accidents and new legislation some implications of the Nauonal 

Nnssey) 

A 2Sfnf^a^m nodosa the role of ggWtajtM P-ilman) 569-570 
^c^«to^Sgn»p B ZS^mU^o» (W P Dick) 

NaDles^typhtis epidemic, 1942-3 (as seen by an entomologist) (H J Cranfurd- 
Iknson) 579-580 

1 20/4/46 

inus - 0 ^^^"Sns ( d“S ^rs G °^ 5 »60^2 
SponSneotis^bypo^ygiemia assoaat«l «^epsy subtotal pancreatectomy 

0 Sir G nc5of C o r ™ttmn and Otises ot sterility m metropathia haemorrhagma 

TmmeS^silKLdenmmtant gonorrhoea by penicillin. (R. Lees) 

Treaunem of lewisite shock with sodium salt solutions (H Cullmnbme i 

1 27/4/46 

^ i£y39j ^ Bity 

MSnimuo^r^v^PrtSoner, report of 10 ““ 

^cv^uated o Retd) 6,8449 

a*- 

Bnlletm of War Medicine 
6 January 1946 

Proceedings of the congress of CJ.LF limy surgeons. (H. a Edwards) 221-225 

6 February 1946 

Anatomical problems relative to the traumatic surgery of muscle. (W E. Lc Gros 
Clark) 267-271 

Clinical Science 
5 1945 

Observances on a ascorbic and 

Familial idiopathic & J McMurray) 1*5-157 

E ^ = 2 i lo b sp i sr^. b ^ 

f aa 

TJuomt»sis of the femoral 195-S? 

u&cc (M. p-mmaesaj 1EC 

Bergman) a aeme and chrome hypotension following renal J-ory 

(O G Edhom, 

Co^S^^gV^SS 73 * P H. Sanderson) 275-2-4 
A E»ectom and tobacco to v* rucu* 
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Dental Record 
66 March 1946 

Cervico-facial orthopaedia (A A Nove) 49-57 

Notes on glossoptosls and micrognathia (P G Capon) 57-65 

From tooth brushes to spectacles (J W Softiey) 65-67 

Edinburgh Medical Journal 
53 January 1946 

The basis of penicillin therapy (T J Mackie) 1-14 
The clinical use of penicillin (J R Learmonth) 15-30 

Penicillin in the treatment of \cnereal disease a year’s experience in a civilian 
<R C L Batchelor, W H Donald, M S Gray, R P Jack & 
M Murrell) 31-36 

Injuries of the cartilage in miners (WAD Adamson) 37-15 

53 February 1946 

Increasing incidence of pulmonary tuberculosis in children m Glasgow 
(S Laidlaw) 49-51 

Some experiences in mass radiography (A Maclean) 52-54 
The pathogenesis of tuberculous epididymitis (W M BorthwicV) 55-70 
Symposium on tuberculosis nursing 
I Introduction (H Baxter) 71-73 
II Recruitment and training (B H Renton) 73-75 

III The health risk in tuberculous nursing (C Cameron) 76-80 

IV RehabihtaUon, (H Baxter) 8(3-82 

Acute inflammation and abscess formation due to a diphtheroid bacillus 
(R S aim) 83-90 

Journal of Anatomy 
80 January 1946 

A revision of the movements of the forearm in tetrapods (R W Haines) 1-11 
Sympatheuc rami in man (J Pick & D Sheehan) 12-20 
The lymphatics of the synovial membrane (D V Davies) 21-23 
An experimental study of the regeneration of mammalian striped muscle 
(W E Le Gros Clark) 24-36 

Quanutative histology of Wallenan degeneration I Nuclear population in 
rabbit sciatic nerve (M Abercrombie & M L Johnson) 37-50 

Journal of Hygiene 
44 January 1946 

Quanutative aspects of anugen antibody reachons I A theory and its 
corollaries (T Teorell) 227-236 

Quanutauve aspects of anugen anubody reachons II Some comparisons 
between the theory and the experimental results (T Teorell) 237-242 
Studies m the dynamics of disinfecUon V The temperature coefficient of the 
reacuon between phenol and Bad coll, derived from data obtained by an 
improved technique (R C Jordan & S E Jacobs) 243-248 
Studies in the dynamics of disinfecUon VI Calculation of a new and constant 
temperature coefficient for the reacuon between phenol and Bad coll 
(R C Jordan & S E Jacobs) 249-255 

Warm stage observaUons on the development of pseudo mycelia in cultures of 
avian tubercle bacdli grown in dilute embryo extract (E M Bneger & 

H B Fell) 256-263 

The differenuauon of Streptococcus cremoris and Streptococcus lactls by means 
of bacteriophage acUon (G J E Hunter) 264-270 
A thermolabile substance of Shigella dysentenae Shiga (L Ohtzki, M Shelubsky 
& P K Koch) 271-275 
Fluorine alopecia (L Spira) 276-283 
Enteric fevers in Egypt (G N Cossery) 284-285 

Three rapid tests for the estimation of tropical fitness of fabrics (W Koch) 
286-288 

A routine method of bacteriological analysis and grading of ice-creams with 
records of eleven years’ application (A Compton & G Youssef) 289-293 
A L 63, the original British army louse powder (H J Craufurd Benson & 

J Macleod) 294-306 

Journal of Laryngology and Otology 
60 June 1945 

Reflecuons on the radical mastoid operaUon with a descnpUon of the technique 
evolved from my experience (B S Jones) 233-245 
Some observaUons on the eUology of foreign bodies m the oesophagus 
(P Reading) 246-249 

Journal of Physiology 
104 January 1946 

The effect of magnesium and calcium on the physiological properues of certain 
purine denvaUves (M Bielschowsky, H N Green & H B Stoner) 239-252 
A comparison of the acUon of vitamin D on the teeth of rachiUc rats with that 
of additional calcium or phosphorus added to rachitogemc diets (J T Irving) 

InSa-actum of drugs and the effect of cooling on the isolated mammalian intestine 
(N Ambache) 266-287 , - 

The metabolism of kidney slices from new-born and full grown rats (M Cutting 
& R A McCance) 288-298 

The effect of introduction of isotonic sodium chloride soluUon into the cisterna 
magna of the dog on the cell content of the cerebrospinal fluid (T H B 

Th^lfccuracy 9 of° 4 haemog!obm detenrunaUon by the copper sidphate-blood 
£a“ethod in Indian soldiers (M Hynes & H Lehmann) 3^5-3 1 1 
Unne aadity in alcohol diuresis m man (M G Eggleton) 312-320 
The effect of local temperature on fluid loss in thermal burns (F C CourUce) 

Thr” normal course of separation of the pubes in pregnant mice (K Hall & 

W H Newton) 346-352 

Journal of the Royal Array Medical Corps 
85 December 1945 

Th^'d^vehipmS d a U n r d 18 th t i' e r«u I |ts uamfcion maltreatment of battle 


2 c ? s H aity ‘faring station (F S Fiddes) 276-280 
The Tobruk plaster (R Marnham) 281-282 

of m <he army (C Donald) 283-286 

i n wur,lnle (H B Anderson) 287-288 
i r A ied 5 nsoncrs of war and interne*! (T O Thompson) 289 29) 
Dietary deficiency diseases among prisoners of war 1 (M H Ch urc h’ll) 29«98 

86 January 1946 

Typhus fever m Iran and Iraq, 1942-43 A report on 2 859 cases (A Sachs) 111 

A W tV W efu shing) 1 ?2- 19 ° f the MU,tary Uo ‘ aUon Hosp.ta^de^hokKV 

P °2(k-25 el,tlS,n W “ tAfhca M Findlay, J R Anderson &M H K Haggle) 

|am e ,n m g e not°es S from Burma ” 5 (O ?Tcrc Z'z&f* ° ^ 

Conv“S e t‘ De°po“ a (C 1 u e ck) "wT" 5 3t the neuros,s wulft ’ 101 
Journal of the Royal Institute of Public Health and Hygiene 
9 February 1946 

TI (J Barcrof°)44^58 Ctl0n ° f th * bl °° d 1 The usefuln “ 5 of haemoglobin 

9 March 1946 

r res Puatory function of the blood II Man under conditions of stress 
^g^he transitiqn from placental to pulmonary respiration (J Barcrofi) 

Journal of the Royal Naval Medical Service 
32 January 1946 

The health of the civilian population of Tristan da Cunha (E J S Woolley) 3-15 
Lessons of war psychiatry (E W Anderson) 15-19 

Administrative experiences at the Royal Naval Hospital Haslar, in connection 
the reception of casualties (March, 1942, to October, 1944) (F C Hunotj 

Aspects of the treatment of subtertian malaria (A G Too mey) 32-38 
Naval repeat offenders one aspect of psychiatric review (A D Latham) 38-11 
Notes on Kilmdim (J Wylie) 41-44 

Meckel’s diverticulum incarceration in an inguinal hernia (J A Shepherd) 
44-46 

The control of secondary haemorrhage at the site of common femoral ligation 
in the groin (P B Moroney) 46-47 
Traumatic rupture of the left rectus abdominis (R D N Bisset) 47-48 
Anuria following sulphadiazine therapy treated by decapsulation of kidney and 
pyelostomy (S Meleck) 48-49 
Two cases of intraocular tumour (L P Spero) 49-50 
Intraorbital abscess (W M Hamilton) 50 

Journal of Tropical Medicine and Hygiene 
49 February-March 1946 

The diamidines their pharmacological actions and their therapeutic uses in 
some tropical diseases (R St A Heathcote) 1-8 
The venom of the rhinoceros viper Bills naslcor/ils (Shaw) R Kirk &. N L 
Corkill) 9-14 

Pyrexia associated with tick bite (K V Earle) 14-15 

Lancet 
1 • 2 3/2/46 

Acute infections of pleura treated with and without penicillin (L Fatti, 

M E Florey H. Joules, J H Humphrey & J Sakula) 258-262 
Unilateral facial paralysis , correction with tantalum wire preliminary repori 
on eight cases (J E Sheehan) 263-264 „ , 

In vivo isosensitisation of red cells in babies with haemolytic disease l* * a 
Coombs, A E Mourant & R R Race) 264-266 „ irH 

Nicotinamide deficiency precipitated by sulphaguanidme (b W iiarawiw 
267-268 

An epidemic of pneumonia in West Africa (E Hinden) 268-270 

1 2/3/46 

Health centres and a child health service (H M M Mackay) 293-295 
Acutely infected pleural effusions techniques of penicillin treatment l 
M E Florey, H Joules, J H Humphrey & J Sakula) 295-300 
Human fertility (C S Russell) 300-303 , ,,- 

Group analysis in a military neurosis centre (S H bomkesj jui-jw 
C ontact dermatitis caused by penicillin (H R Vickers) 307-308 vVilJanson) 
Allergic reaction to parenteral penicillin (R E HaswcII & J F WtiJcmsoiy 

Medical observations in Auschwitz concentration camp (L Adelsbcrgcr) 3! 

1 9/3/46 

Psychiatry and the public health service (L Brock) 333-337 

Tissue damage due to cold (L Kreyberg) 138-340 Macrosson) 341-342 

Sprain fracture of the carpal scaphoid in children (K , . y n j j Sheldon 

Acute thyrotoxic myopathy recovery after partial thyroidectomy w « 

Po*ibIe I roIe V of'Stenor 3 pduitary in human diabetes (C H Gray & VV G 

Automatic device for ascertaining ventiicular entogement^ (A Orlcy) 

Cavernous sinus thrombosis treated with sulphonamides anu p. 

(D H Young) 346-347 n.lmres by treatment with ether 

Elimination of Gram negative bacilh from cultures oy 
(R Pearce) 347-348 
Family health. (K. E Barlow) 355 

16/3/46 

Penicillin in — 

Council on 147 patients treated in i* ccnuc* 

Trials Committee (R V Chris tic) 369-371 y DJC1C iO f 

Blood loss m battle casualties use of transfusion nuuu 

Homer) 371-377 and diagnosis of malaria (J Yulian; 

Urinary mepaenne in relation to incidence an 

377-380 
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Spun! anaesthesia unations m dosage required (A. R. Hunter) 380-381 
Achalasia of oesophagus following depressed fracture of base of skull (J J 
Flemingcr & M C Smith) 3S1-383 

Health centres of to-day 1 Finsbury (A B Stewart) IT Peckham the 
first health centre (G S Williamson) 392-395 

1 23/3/46 

Tho search for a philosophy of mediane CD Guthne) 405-409 
Pemdllm therapy clinical and laboratory observations on four hundred cases 
(R* V Hudson R. I Meanock, J McIntosh iF R. Selbio) 409-413 
Paralytic ileus in severe hypothyroidism (P A Basteme) 413-416 
Grand uterus m a strangulated hernia. fR. Laud) 416-417 
An unusual recto- vesical injury (R Smith) 417 

1 30/3/46 

Thrombosis early diagnosis and abortive treatment with heparin (G Bauer) 
447-454 

Effect of pH of the medium on activity of streptomycin and penicillin and other 
chemotherapeutic substances. (E P Abraham & E S Duthie) 455-459 
Gas gangrene following injection of adrenaline (B. V Cooper) 459-461 
Beet coll meningitis treated with sulphathiazole (F E. Crawley) 461-462 
Health centres of to-day III Bristol (R. H. Parry) 471-473 

1 6/4/46 

Cluneal pathology past and future (A H T Robb-Smith) 485-488 
Neuronal damage from temporary cardiac arrest (J How kins, C. R McLaughlin 
& P Daniel) 488-492 

Acute necrosis of the liver treated with protein hydrolysates (D J ap Simon & 
D Brown) 492-494 

Toxiaty of mnrfaml and VI 87 to cells in vitro (F Jacoby) 494-496 
Tuberculous lobar pneumonia Created by pneumoperitoneum and phrenic crush 
(O L. Wade) 496-497 

Peptic oesophageal ulcer non fatal perforation (E Preiskel) 497-498 
Osteomyelitis radiographically resembling sarcoma (J F Bradsford) 498-499 
Double-exposure radiograms of chest. (J Maxwell) 499-500 
Cerebral cysticerco&u without epilepsy (C. Edwards) 500-501 
Famine and malnutrition in Europe (J Drummond) 512-513 
Health centres of today IV Darwen. (R C Webster) 515-516 

1 13/4/46 

Place of medical societies in the doctor’s life (H Ogilvne) 525-526 
One-shot treatment of acute gonorrhoea with penicillin review of 617 male 
cases (T R. Lloyd Jones E M Donaldson &.S J Allen) 526-529 
Air-embolism and pneumomediastinum m artificial pneumoperitoneum 
(F A. H Simmonds) 530-533 

Pulmonary oedema in chest wounds (E H C Harper & G B Tait) 533-534 
Mesenteric venous thrombosis recovery after resection with hepann. (F dAbreu 
G Humble) 534-536 

Health centres of today V Fulham (P L T Bennett) 550-551 

1 20/4/46 

Air hygiene in dressing rooms for burns or major wounds (R B Bourddlon & 
L. Colcbrook) 561-565 

Psychological aspects of psoriasis (E Vuttkower) 566-569 

Food yeast m tropical malnutrition (W Hughes) 569-571 

FumcuhUs in British troops in Ceylon (S Power) 572-573 

Paraschmitz dysentery m West Africa. CN H Martin) 573-574 

Fa j^^)tionm tropical sprue (D A K. Black L.P R. Fourman &.P Tnadex) 

Umted Nations Health Organisation (L Rajchman) 584-585 
Health centres of today VI Tottenham (G H Hogben) 586-587 

1 27/4/46 

Medico-sociological problems of an ageing population CF A. E Crew) 597-600 
Air hygiene in dressing rooms for burns or major wounds (R B Bo ur dill on & 
L. Colebrook) 601-605 

Treatment of open fractures of the femoral diaphysis (A Albemz) 605-608 
^'^^tnical excitability of regenerating nerve fibres (J Konorski &. L, Lubioska) 
609— 610 

Value of Tmels sign (P W Nathan <5. A M Rennie) 610-611 
Disability and disablement (H Balroe) 620-621 
Research in mental deficiency (H F Stephens) 623-624 


Medical Officer 
75 16/2/46 

Pulmonary tuberculosis in war time (J Innes) 61-62 

75 ‘23/2/46 

effect of bombing on health and medical care in Germany (C. F Enloe) 

75 2/3/46 

A study of cross infections o\er forty years (B A Peters) 8I-S2 
Bovme tuberculosis. (W A Lethem) 82 

75 9/3/46 

Problem families (C. O Stallybrass) S9-92 

75 16/3/46 

The care of the chronic sick and of the aged (Amulree A. E L, Sturdec ) 99-101 
homo recent advances tn midwifery CE. Hall) 101 
the premature infant. (M Crosse) 102 

75 23/3/46 

Th® grovt lh and health or children. (E. R. Bransby) 109-111 
fhe development of health education. (M W Harduty) 111-112 


Towards a definition of health (H S Danes) US 
tne National Health Service Bill a survey 119-121 


75 6/4/46 

Some domestic uses of D D T (CP Hay) 129-130 
Mental deficiency m the past JI (G A Auden) 131-132 
Diphtheria (S Mellmgs) 132-133 

Famine condiuons and epidemic risks (J Drummond) 133 

75 13/4/46 

Pasteurisation m the province of Quebec with special reference to Montreal 
(A Groulx) 141-142 

Mental deficiency in the past — III (G A Auden) 142-144 

75 20/4/46 

The preventive and therapeutic use of vitamins (N Jolliffe) 151-154 
Mental deficiency in the past — IV (G A Auden) 155 

Medical Press and Circular 
215 20/2/46 

Modern treatment in general practice 6 The modem treatment of gonorrhoea. 
(A J King) 120-122 

The science of therapy (F W Broderick) 122-128 

A chemical test for the presence of cancer its early detection and destruction 
by the selective action of bromo- and chloro-butyrates (J Watson) 128-129 
A case of staphylococcal bacterial endocarditis successfully treated with an 
intermittent course of penicillin (H R Hams) 130-131 

215 27/2/46 

Modem treatment in general practice 7 The modem treatment of tuberculous 
empyema (A B Taylor) 136-137 

The significance of the blood picture in the diagnosis of anaemia in general 
practice (J L Hamilton Paterson) 137-139 
The last stage of all hospital care of the aged (J Cahill) 139-142 
The science of therapy (F W Broderick) 142-146 

235 6/3/46 

Modem treatment in general practice 8 The diagnosis and treatment o 
fractures of the pelvis (R C Tatham) 152-154 
The psychiatric approach to problems of to-day (K G Bergin) 155-159 
Reorientation of research (J Yahuda) 159-163 

215 13 / 3/46 
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Qongemtal Factors in ^Disease 


CONGENITAL FACTORS IN DISEASE has been chosen as 
a descriptive title for this number, although it is realized that 
there are certain objections to the use of the term congenital ’ 
As Professor Crew points out, congenital ” has no etiological 
significance, but refers simply to a point in time Nevertheless, 
the term has its convenience as an indication of defects deter- 
mined before birth whether genetically, environmentally (as an 
effect of maternal disease during pregnancy), or as a genetically- 
determined environmental incompatibility (as in erythroblastosis 
foetahs) 

Professor F A E Crew was for many years director 
of the Institute of Animal Genetics, University of Edinburgh 
During the recent war he was appointed as director of medical 
research, and later as director of biological research, to the War 
Office tvlore recently, he was appointed to the Bruce and John 
Usher chair of public health in the University of Edinburgh 
With his translation to the chair he now holds, its title has 
become changed to indicate its enlarged scope and is now the 
chair of pubhc health and social medicine He is the author of 
Animal genetics (1925) Organic inheritance in man (1927) 
Sex determination (1933) and of numerous other publications 
dealing with these and related matters In the dual capacity of 
physician and geneticist, Professor Crew speaks with unusual 
authority on those wider aspects of medicine in which inheritance 
plays an important part, and his article in this number provides 
a characteristically stimulating introduction to the subject 

Dr B Woolf who contributes the second article in this 
number, is lecturer in medical staUstics in the University of 
Edinburgh where he is building a staustical research unit willing 
to assist and co-operate with all medical and social agencies in 
Scotland in research projects m the field of social medicine 
He has made a detailed statistical study of the relation between 
social conditions and infant mortality, of which part 1 has been 
published (J Hyg , Camb 1945, 44, 67) and part 2 is to appear 
m the new British Journal of Social Medicine, which is to be 
published by the British Medical Association under the joint 
editorship of Professors F A E Crew, Lancelot Hogben (who 
has such diverse achievements to his credit as the authorship of 
Mathematics for the million and of the Xenopus laeus test for 
pregnancy), and J A Ryle Dr Woolf began his research career 
as a biochemist under Sir Frederick Gowland Hopkins at 
Cambridge, and has published papers on bacterial metabolism, 
enzyme action, the chemistry of immumty, and other topics 
Becoming increasingly interested in the social aspect of medical 
problems he acquired a knowledge of modern statistical theory 
and practical computational methods and accepted an invitation 
from Professor Lancelot Hogben to come to Birmingham 
University to lecture and research on social biology During 
the war he was engaged for a time on medical statisucal research 
at the War Office 

Dr Agnes R Macgregor is lecturer on pathology of 
diseases of children in the University of Edinburgh, pathologist 
mid bacteriologist to the Royal Hospital for Sick Children 
Edinburgh and pathologist for infants to the Edinburgh Royal 
infirmary She was formerly a lecturer on pathology and 
bacteriology m [he School of Medicine of the Royal Colleges, 
Edinburgh For some years Dr Macgregor has made a special 
study of neonatal pathology and her published work includes 
papers on this subject, as well as on pneumonia and tuberculosis 
in childhood For two years during the war she was a member 
of a team engaged in an inquiry on behalf of the Medical Research 
Council into the incidence of tuberculosis due to human and 
bovine type tubercle bacilli throughout Scotland 

Dr H S Baar holds the degrees of M D and Ph D of 
r- ant * f° r -0 years on the staff of the St Anna 
Children s Hospital in that city In December 1938 he 
was appointed research Fellow at the Childrens Hospital 
Birmingham, where he subsequently became research nathologist 


Dr Baar has published a book on haemotology in childhood, 
a monograph on alimentary anaemias, and over fifty scientific 
papers At present he is engaged in work on the pathology of 
an infective encephalitis of the newborn transmissible to animals, 
and in the preparation of a paper on the pathology of fibrocystic 
disease of the pancreas — upon which a preliminary communica- 
tion was read before the Association of Clinical Pathologists in 
January 1944 

Dr R R Race is well known as the leading British worker 
on the genetics of human blood-groups He has previously 
contributed to this Bulletin a review of knowledge of human 
blood groups (with G L Taylor , BMB 420) and a note on 
their inheritance ( BMB 421) 

Sir Leonard G Parsons is dean of the faculty of 
medicine and professor of children s diseases at Birmingham 
University He is one of Britain s most distinguished paedia- 
tricians and was President of the British Paediatric Association 
m 1942-44 He has made important contributions to the 
literature of paediatrics News of the knighthood just conferred 
upon him reached us as we were going to press 

Dr A St G Huggett is physiologist to St Mary s 
Hospital Medical School, and professor of physiology in the 
University of London He was a pupil of the late Professor 
John Mellanby, F R S , and of Dr John Fairbaim at St Thomas s 
Hospital He inherited from Professor Mellanby an interest in 
the coagulation of the blood which led to work on the dyestuff 
anticoagulants including chlorazol pink He has been responsible 
for initiating the experimental approach to foetal physiology of 
the last twenty years, on which subject he has published many 
papers 

Professor A Sorsby is the first holder of the research 
chair in ophthalmology which was in 1943 jointly established by 
the Royal College of Surgeons and the Royal Eye Hospital 
London A note on Professor Sorsby appeared in volume I 
of this Bulletin, to which he contributed an article on The 
task of ophthalmological research (BMB 160) 

Dr G M Bonser is Brotherton Fellow in cancer research 
in the University of Leeds and pathologist to the Seacroft 
Laboratory of the Emergency Medical Service She has been 
engaged m cancer research for twenty years, working first on 
intrathoracic cancer and later on the hormonal and genetic 
aspects of mammary and testicular cancer She has established 
a strain of mice particularly susceptible to carcinogens applied 
to the skin Her publications include papers on The incidence 
of intrathoracic cancer in Great Britain with special reference 
to Leeds ’ (Acta, Union internat contre Cancer 1938, 3, 119) 

‘ The hereditary factor in induced skin tumours in mice estab- 
lishment of a strain specially sensiuve to carcinogenic agents 
applied to the skin ’ (J Path Bad 1938, 46, 581) , A micro- 
scopical study of the evolution of mouse mammary cancer 
the effect of the milk factor and a comparison with the human 
disease (J Path Bad 1945 57, 413) 

Professor L S Penrose studied psychology at Cambridge 
and also graduated there m medicine His work has been 
concerned with the influence of heredity on diseases and especially 
with the genetics of mental conditions He has written many 
papers on mongolism phenylketonuria statistical analysis of 
the effects of shock therapy in psychosis etc, and a standard 
book Mental defect He has also assisted in devising intelligence 
tests which have been widely used in the British and Canadian 
armies For some years his researches into the causation of 
mental defect were earned out in co-operauon with the Medical 
Research Council at the Royal Eastern Counties Insulation 
Colchester Before his appointment to the Gallon Chair of 
Eugemcs at Umversitv College London he azs Director of 
Psychiatnc Research for the Province of Ontano Canada 
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THE PLACE OF GENETICS IN 
CLINICAL MEDICINE 


F A. E CREW, M D , F R S 

Usher Institute , University of Edinburgh 


Introductory 

It is undoubtedly the case that an understanding of genetic 
principles on the part of the clinician has been made more 
difficult by recent elaborations m genetic theory In the text 
books of 35 years ago heredity was, along with syphilis, 
alcoholism and chrome lead poisoning, all too often the 
refuge of the diagnostically destitute In the era of the umt 
character of Mendelism, gene — the cause, and character — 
the effect, were very simply and precisely related But since 
then and as the result of the exceedingly rapid advances in 
genetic theory and methodology these earlier simplicities 
have given place to such complexities that genetics has failed 
to become that which it promised to be — an easily used 
instrument of precision in the hands of the diagnostician 
The term “ genetic ” still means that the cause of the 
condition bemg considered was present within the fertilized 
ovum in which the individual had its origin, having been 
transported thereinto by the chromosomes of the nucleus 
of the spermatozoon, of the ovum, or of both But it has 
come to mean much more than tlus The cause is now a 
particular gene lesident at a particular point along the length 
of a particular chromosome Though the nature of genetic 
action is even yet not known, it is reasonably assumed 
from its effects and by analogy that it takes the form of a 
“ chemical ” impress upon the processes of developrhent 
or of degeneration This influences m a particular way the 
rate or direction of one or more of these processes as they 
shape a particular tissue(s), organ(s) or organ system(s) 
Thus it is that the genotype, the sum total of all the genes 
in the hereditary constitution of an individual, representing 
and delimiting all the hereditary possibilities of the individual, 
is the architect of its characterization, its phenotype, the sum 
total of its characters, its details of structure and function 


Nature Nurture as Cause 

But the geneticist no longer presents the view that the gene 
alone is always the cause of the character There are certain 
characters, for example, those of the blood-groups and of 
the eye-colours, which would seem to be the direct expression 
of particular genes unaffected m their action by any extrinsic 
agency But in the fashioning of the great majority of 
characters, normal and abnormal, both nature and nurture, 
both genotype and environment, have had a hand The gene 
m action is an impulse inclining development m a certain 
way But the developing structures are exposed to and react 
to the impress of other agencies, e g local stimuli derived 
from neighbouring structures, blood-bomb stunuh They 
can be affected by agencies in the external world of the 
individual of which they are part Save for peculiarities 


such as accidental mutilation it seems probable that genotype 
and environmental agencies are always concerned, though 
not always equally, m the fashioning of any given character 
and that even in instances of deficiency and infectious 
diseases there is a genetic difference between those who 
exhibit a proneness to react m such a way as to exhibit the 
condition and those who do not 

It is this duality in causation, the genetic inclination and 
the environmental provocation, that tends to make clinical 
genetics decidedly difficult To disentangle the two in the 
case of the species which lives lh an environment created by 
itself, and which is notable for its variety, must present 
considerable difficulties when the species itself reproduces so 
slowly, has so few offspring, fails to maintain pedigrees, and 
cannot be used as experimental material It has been 
necessary to devise highly sophisticated mathematical tech- 
niques for the purpose Nevertheless, it is this very fact that 
usually there are two causal factors very different one from 
the other, one being deeply hidden and protected within the 
constitution of the individual, the other bemg present in the 
individual's environment and therefore more or less exposed 
to measures of control, that has permitted medicine so 
frequently to disregard the genetic factor and to concentrate 
upon the control and prevention of the action of the environ- 
mental causes Though the gene cannot be excised from a 
population save by measures of non-propagation it is often 
possible to prevent the provocative action of the environ- 
mental agent and thereby to nullify the action of the gene 
If, for example, m the aetiology of a condition such as 
tuberculosis there is a combination of a genetic proneness 
and an environmental provocation, the latter bemg a con- 
figuration of the bacillus together with a variety of unsatis- 
factory social conditions, then by controlling and removing 
the latter the former must lose all its significance Smallpox 
m its most virulent form doubtless overrides dll genetic 
differences in respect of resistance, but with lessened virulence 
the more resistant individuals within a population would be 
far less likely to succtimb During the course of several 
millennia it might qmte well come to pass that, through the 
selective elimination of the relatively susceptible, a human 
stock would ultimately consist solely of the relatively 

resistant . 

But it is not the way of medicine to wait upon nature 
selection Througn vaccmation, medicine, disregarding a 
genetic considerations, has artificially raised (or could ave 
raised) the resistance of all, and this in less than a hun re 
years Manifestly medicine is right m thus neglecting 
genetic cause in conditions of this kind. There is undo 1 ! e 
a genetic cause of Mongolism, but the gene(s) tha 
the root of this character requires a special intra-utenn 
environment m which to gam expression. The repair o 
environment m attempts to eradicate Mongolism would seem 
to be a far easier task than attempts to eliminate the g * 

It will probably bd found that the production of many ^ 
the so-called congenital diseases as listed by th 
General, congenital meaning that ffie abnoirna ^ 

are displayed by the newly-born, is similarly the ■nsuU.rth* 
interaction of particular genotypes and pecuha g ^ 
within the maternal environment If this ’ oVing by 
prevention must take one of two forms , that or 

contmued selection the causal gene from P P W1 [ hin 
that which removes or overwhelms the causa 
the environment 
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The use of the term “congenital” in connection with 
causation is both mistaken and misleading It is a pomt in 
time and not a cause It is one of a series of terms, intra- 
uterine (place and time), foetal (state and time), stillbirth 
(condition and time), congenital (really natal 9 ), neonatal, 
infant (state and time), all indicating the time during the early 
life history of an individual when the character — genetic, 
acquired, and genetico-environmental in causation — is 
displayed Congenital used in this sense is more inexact 
than many of the others since a character that is present 
when the child is bom was, in the majority of instances, 
displayed by the foetus 

But we now know that not only is the gene in its action 
influenced, sometimes quite profoundly, by environmental 
agencies, we know also that the action of any one gene within 
the genotype can be affected equally profoundly by the action 
of companion genes The genotype of a given individual 
includes thousands of different genes, and the genotypes 
of no two individuals, excepting identical twins, are alike 
Each gene exerts its action amid a vast company of genes, 
and its stimuli are pooled with those of all the rest Very 
few genes, if any, influence the development of only one 
character No wonder, then, that its action may be prevented, 
neutralized, overwhelmed, reinforced, modified by that of 
certain others In fact, it is firmly established that one and 
the same gene can yield quite different end-results in different 
genetical mdieux, just as it can in different external environ- 
mental conditions But although these facts tend to make 
an understanding of genetic theory more difficult, they do not 
prevent us from detecting gene action when it is present or 
from regarding a particular gene as being the prime cause of 
a given character 

Genetics has lost some of its attractions to the clinician 
dunng the last decade because many who yearn ardently for 
social betterment have denved from it certain notions that 
are mdeed extravagant Those who so eagerly claim that 
we should do for ourselves that which we have done through 
the application of genetical knowledge with our domesticated 
animals and cultivated plants, would seem to forget that 
those who, by manipulating the processes of organic 
inheritance, sexuality and reproduction, have produced the 
magnificent breeds and varieties, were able to construct for 
themselves a standard of an ideal and thus congregate m one 
and the same stock that constellation of characters which 
most closely approached this Through the applications of 
genetics it is possible to do much in the fashioning of future 
generabons, but for the existing generation genehcal know- 
ledge can do very little 

In the case of mankind we have no firm standard of the 
ideal constellation of human characters In the second place 
it simply is not true that the major problems of civilization 
refer to limitations in the ability of man to control his own 
nature and his external world. They arise directly from 
imperfect co-ordination of h uman effort It can perhaps be 
agreed that we should imitate the example of the great 
livestock breeders, but if we do we must give, as they gave, 
as much attention to the environment as to the genotype 
We, like them, can begin to consider the applies bon of 
genetic principles when we have created an optimum 
environment. It is only when such an environment has been 
provided that we shall know which undesirable characters, 
as well as desirable, are caused wholly or partly by environ- 
mental agencies, and in the production of which the genotype 


is largely or mainly concerned For the present and for a 
long tune ahead, it is undoubtedly the case that the most 
rapid improvement will be secured through the control of 
the environmental agencies which promote health and evoke 
disease 

In spite of all the difficulties and of all the extravagances 
it is utterly reasonable to foster the growth of clinical genetics 
as a branch of medicine which is concerned with future 
generations no less than with the present Scientific therapy, 
prognosis and diagnosis all must wait upon aetiology 
Exactness in aetiology means precision in all the rest One 
cause, and by no means an unimportant one, of abnormality 
is undoubtedly the gene The recognition that gene action 
is involved in the production of a particular pathological 
character is usually based upon the distribution of that 
character amongst individuals related to the propositus The 
family pedigree is still the mam source of our knowledge of 
human genetics The fact that a certain pathological con- 
dition is displayed by members of the same family is not 
proof, of course, that the condition is genetic m its causation, 
since the family is a vehicle for social as well as organic 
inheritance, and a purely environmental causal agent 
operating upon different individuals in different generations 
can evoke the same reaction. It is not merely the distribution 
of a character within a pedigree but the significant 
peculiarities of this distribution that indicates the action of 
a gene 

The Characteristic Features of Complete Dominance 

1 The affected individual has an affected parent 

2 The offspring of affected x normal include affecteds 
and normals in approximately equal numbers This is so 
because the great majority of affecteds are heterozygous 

3 All normals related to affected individuals are in every 
way normal and produce, when mated with normals, none 
but normals 

4 A single pedigree covering three generations and 
including both normals and affecteds is as often as not quite 
sufficient to reveal the genetic nature of the abnormality 

In the case of a gene that is completely dominant, to 
observe the transmission of the character is to witness the 
distribution of the gene Examples brachydactyly, 
synphalangy, alkaptonuria, congemtal stationary night- 
blindness, congenital cataract, multiple telangiectasia (Osier s 
disease), epiloia, keratosis folhculans (Daner’s disease), 
Huntington's chorea These examples are offered m order to 
illustrate certain points 

In the case of complete dominance it would be, if it were 
thought desirable, easily possible to eliminate the gene from 
the future population as, by the withholding of propagation 
from those who exhibit the character, the transmission of the 
gene, the presence ot which is revealed by the character, 
would be prevented There would seem no reason what- 
soever for suggesting such action in the case of conditions 
such as synphalangy, since what the gene has done the 
surgeon’s knife can repair In the case of Huntingtons 
chorea there is a peculiar difficulty since the average age of 
onset of this condition is around 35, so that an affected 
individual can have reproduced loDg before the disease 
displays itself Epiloia is an example of a disease that 
commonly kills m infancy, only mild cases surviving to 
reproduce their kind. It follows therefore that mild can 
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beget severe, and the differences between affected parent 
and affected offspring must be referable to the action of 
modifying genes or circumstances Since the chances that 
the progeny of (heterozygous) affected and normal will be 
affected or normal are equal, it may be thought reasonable 
to advise parents who have produced an abnormal child to 
have no others Completely dominant genes yielding 
characters that are gravely disadvantageous or incompatible 
with continued life tend to eliminate themselves, since they 
destroy the individual either m utero, in infancy or adolescence, 
before that individual can reproduce If, then, they are not 
infrequent in a population their prevalence must be due in 
part to the occurrence of fresh mutation If m an affected 
individual the character is due to a mutation during the life- 
history of that individual, it follows that the parents of that 
individual would be normal 


The Characteristic features of Complete Recessmty 

1 The gene may be handed down through many genera- 
tions unsuspected and unexpressed and only when two 
individuals, each heterozygous m respect of it, mate and 
reproduce, is the homozygous exhibitor of the character to be 
expected 

2 The vast majority of affected individuals are the offspring 
of parents who phenotypically are normal, but who are in 
fact heterozygous Thus organic inheritance would not seem 
to be concerned in the aetiology of the condition 

3 Amongst the offspring of two such heterozygotes the 
expected ratio of normal to affected is three to one 

4 There is a familial incidence, more than one individual 
m a sibship being affected The exhibition of the character is 
significantly more than common amongst the offspring of 
consanguineous marriages 

5 The offspring of affected x normal are invariably 
normal, those of affected x affected invariably affected 

6 For the recognition of gene action in such cases a single 
pedigree is of no value Few pedigrees proffer full details 
of three generations It is the pedigree that is pockmarked 
with abnormality that is recorded , one m which the abnor- 
mality is rare is seldom available, and thus it is that false 
impressions are so often gamed The use of a single pedigree 
is that it can be pooled with others of the same land It is to 
the literature on the subject that the diagnostician must turn. 

Examples infantile ampurotic idiocy, alkaptonuria, 
albinism 

It is to be noted that the possessor of a recessive gene m the 


heterozygous state does not exhibit the character and cannot 
be distinguished from the individual in whom this particular 
gene is not present It is for this reason that any attempt to 
eradicate the gene from a population by controlled repro- 
duction becomes an almost impossible task Any control 
of the exhibitors of the character would leave the far greater 
number of the heterozygous untouched The reason why 
there is a greater concentration of a recessive character 
amongst the offspring of consanguineous marriages is that 
first cousins, for example, are individuals who have received 
m common chromosome material and therefore genes from 
the same pair of grandparents and that this chromosome 
material is therefore more likely to include the same recessive 
cenes If two parents produce an amaurotic idiot, for 
example, the odds are that one half of their offspring will 
ncSess the gene and one quarter will exhibit the character. 
KTStte? Smate thrives, the former wrll survrve to 


carry the seed of death which they will pass on in their torn. 
It is reasonable, therefore, seriously to consider the desirability 
of advising such parents to reproduce no more 
The inclusion of alkaptonuria in this list as well as m the 
last introduces an interesting though somewhat puzzling 
phenomenon. It is clear from pedigree studies that a 
character such as alkaptonuria can be based on a dominant 
gene in certain instances, on a recessive gene m others This 
observation would seem on first sight to remove all precision 
from genetical teaching, but this is not so A character is 
the end-result of a long and intricate developmental 
processes) which may be affected at quite a number of 
critical points during its course by the incoming of a fresh 
stimulus To the character itself there must be a fairly narrow 
limit m the variety of its final form There is no reason why 
more than one gene, although acting in different ways and at 
different times during development, should not lead to the 
same end-result That this is so does not in the least destroy 
genetic theory or 'he cluneal value of genetical knowledge 
But there is something even more difficult of acceptance 
than this Dominance and recessivity are not final static 
properties of genes We know that each of them can be either 
complete or incomplete , in fact, not uncommonly an 
individual who, according to the rules, should exhibit a 
dominant character lacks it although undoubtedly the gene 
is within him The fact is, as has already been stated, that 
a gene m its action is exposed to and reacts to the action of 
many another gene in the genotype In different gene com- 
panies this action becomes greatly altered and modified. 
Its penetrance, the degree or percentage of its expression as 
a character, can vary very greatly, being affected by the 
action of other genes and by that of environmental agencies. 

Mutation implies a disturbance of a genotypic equilibrium. 
If a mutant gene behaves as a complete dominant from its 
very beginning this disturbance is immediate , if it is recessive 
its action is overwhelmed by its unmutated partner gene, and 
so there is no such disturbance' But if in the genotype in 
which a dominant mutation finds itself there happen to be 
genes which modify this action, its effects would be incom- 
plete or even resemble that of a recessive In general, it can 
be said that advantageous mutant genes tend to become 
dominant m their action, while deleterious genes tend to 
become recessive This does not indicate any change in the 
gene itself It merely means that in many instances a blocK 
of genes is concerned in the production of a character, the 
key gene being the prime agent and the rest being modifiers. 


The Characteristic Features of Dominant Sex -linked (X-borne) 
Inheritance 

1 All affected individuals have an affected parent 

2 The character is transmitted only by affected individuals 
and by them to approximately half their offspring 

3 Affected males X normal females have only atlecie 


laughters and normal sons 

4. The character is twice as common amongst temaies 
tmongst males for the reason that there are twice as m 
^-chromosomes in the female population 
s a sinale Dedisrree can suffice to reveal the genetic 


>f the character 

6 All unaffected individuals lack the gene. 

Example defective enamel of the teeth . hireS 

It will be noted that m the mam the characteristic 
>f this type of inheritance are similar to those of ordinary 
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completely dominant autosomal inheritance The two are 
to be distinguished by the peculiar sex-distribution as detailed 
m 3 and 4 above 

The Characteristic Features of Recessive Sex -linked (X-borne) 
Inheritance 

1 The majority of affected individuals are males and have 
phenotypically normal parents 

2 An affected female must have had an affected father 
and a heterozygous or affected mother 

3 The recessive gene can be handed down unsuspected 
and unexpressed through one or even two generations, but 
it is most unlikely, unless families are exceedingly small, that 
it will pass through three generations without the appearance 
of an affected male 

4 A single pedigree, if sufficiently large, can suffice to 
reveal the genetic nature of the character 

Examples haemophilia, red-green colourblindness 

Perhaps the most characteristic feature of the sex-linked 
mode of hereditaiy transmission is enss cross inheritance 
In the case of a dominant X-bome gene, the mating of an 
affected father with a normal mother yields affected daughters 
(taking after their father) and normal sons (taking after their 
mother) In the case of a recessive X-bome gene, the mating 
of a normal father with an affected mother produces affected 
sons and phenotypically normal daughters 

Partial Sex-linkage 

In man the Y-chromosome consists of a pairing segment 
which carries alleles of the genes on the corresponding portion 
of the X-chromosome, and a non-pairing segment which 
contains a few genes without such alleles The mode of 
transmission of the genes on these homologous and non- 
homologous portions of the Y respectively is therefore 
significantly different 

The characteristic feature of the mode of transmission of 
a character whose gene is resident upon the non-homologous, 
non-pamng segment of the Y-chromosome, is that only males 
exhibit the character and each affected male transmits the 
character to all his sons The gene material in this non- 
painng segment is the peculiar possession of the male The 
character follows the track of this segment from generation 
to generation. 

Example webbed toes 

It does not follow, of course, because a given character is 
restricted in its exhibition to males, either that it is genetic m 
origin or that its gene is Y-bome Manifestly, pathological 
conditions of the seminal vesicles are of necessity restricted 
to the male Pattern baldness, an autosomal gene, yields a 
character that is likewise restricted to the male, but for the 
reason that it is a gene that can find expression only in a male 
somatic milieu 

But crossing over between the homologous portions of the 
X and Y means that Y-bome gene material can be incor- 
porated m the X and vice versa These segments behave as 
do autosomes in this respect, and therefore the mode of 
inheritance of dominant and recessive characters with genes 
resident in these pairing segments of the X and Y will be 
similar to that of autosomal characters, but with this 
difference variations in the frequency of crossing-over will 
result m a sex-ratio among the affected offspring that is 
significantly different from that of equably which obtains m 


the case of autosomal characters Though this is a matter 
that is intellectually attractive it is one that has no practical 
value in clinical genetics 

Examples total colourblindness, xeroderma pigmentosum, 
Oguchi’s disease, recessive epidermolysis bullosa, dominant 
and recessive forms of retinitis pigmentosa 

Such evidence as presently exists seems to indicate that the 
dominant and the recessive genes which yield retinitis 
pigmentosa are, m fact, alleles — that is to say, each occupies 
the same locus m the X, each being a mutant form of the 
“ normal ” gene 

Multiple Allelomorphic Senes 

Mutation implies an alteration in the internal organization 
of a gene resulting in a changed action of that gene and 
yielding a different end-result. The gene undergoes change, 
but^the developmental processes it affects remain the same 
The mutant gene occupies the same locus in the chromosome 
as did the unmutated gene from which it arose and which it 
replaces In this locus there can be one or the other but 
not both The original gene or its mutant form can mutate 
again and again to yield a senes of multiple allelomoiphs, of 
which only one can occupy the particular locus Since there 
are two chromosomes in every pair (the non-homologous 
section of the Y being disregarded), it follows that an 
individual can possess any two members of a multiple allelo- 
morphic senes 

Such a senes, of the greatest interest to the clinician, is 
the Aj, A/ 2 , A 3 , B and O of the blood-group characters, A x 
being dominant to A 2 , A 3 and O, A 2 to A 3 and O, A 3 to O, 
and B to O When any of the A’s and the B are present in 
the same individual, both are expressed 

Conclusion 

This bnef and most imperfect review may have sufficed to 
display the gifts that genetics offers to clinical medicine and 
to disclose the difficulties that surround them. It is manifest 
that rarely can the clinician expect to receive simple, straight- 
forward, unequivocal answers to the questions he asks 
Well may he doubt the usefulness to himself of a science whose 
every utterance seems to demand elaborate qualification. 
It cannot be that the complexities of the science repel him. 
He readily turns for help to biochemistry, a science no less 
specialized or complicated But biochemistry places tools 
in his hands that he can profitably use in diagnosis and 
therapy It does not deal so much with causes as with the 
nature and production of causes Diabetes melbtus is m 
certain instances the expression of a dominant autosomal 
gene whose action is ‘o yield abnormality in the functioning 
of the pancreas Neither geneticist nor clinician can reach 
the gene, but the biochemist can demonstrate the nature of 
the effects of the action, discover insulin, and place an 
instrument of great potency in the hands of the clinician. 
Tnsnlin therapy owes nothing to the gene The geneticist can 
help to prevent the occurrence of diabetes melbtus in the 
next generation, the biochemist can provide the means of 
control of this condition m the existing generation. The 
treatment of haemophilia is not influenced by the fact that 
its causal gene is an X-bome recessive, though the explanation 
of its aetiology and incidence is solely geneticaL 

The mam role of genetics in clinical medicine has been 
th3t it has furnished scientific factual knowledge on which 
advice concerning habits, behaviour and reproducuon can 
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be built Since the patients of the clinician are the children 
yet unconceived no less than the individuals of the existing 
generation, genetics can rightly claim a place in his equipment 
It has been the expansion of blood transfusion as a service 
that has given to genetics a firm and prominent place in 
clinical medicine The knowledge which is purely genetical 
and which relates to the blood-group characters is now an 
essential part of the equipment of the modern clinician 
The ABO multiple allelomorphic series, the M and N 
genes, the Rhesus genes, are as familiar to the clinician, the 
obstetrician, the pediatrician, as are any of the causal agents 
of bacteriology In order to deal with their effects it is 
necessary to know them, and to know them is to know 


genetics and to appreciate the value of this science m iu 
applications to clinical medicine 
If medicine and the rest of the sciences that are being used 
by society for its own betterment flourish there will come a 
time when the environmental agencies that evoke disease are 
conquered Then will be disclosed the hard core of the 
genetical varieties of physical frailty and mental defect and 
deficiency, for the treatment of which genetical measures 
derived from genetical knowledge may be required For this 
reason it is desirable that even now every effort should be 
made to expand our knowledge of human genetics in order 
that, when wanted, the appropriate instruments of therapy 
may be found sharpened and ready in our armamentarium 
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VITAL STATISTICS OF STILL- 
BIRTHS AND NEONATAL DEATHS 
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A still-birth is a baby of 28 weeks or more maturity since 
conception, who is delivered without showing any signs of 
life Just before the war, there were about 25,000 still-births 
registered m England and Wales every year About 607,000 
babies were bom alive, and of these, about 18,000 were dead 
within four weeks and 35,000 within a year The total 
wastage of life during birth and infancy was thus about 
60,000 a year The natural increase (excess of live births 
over deaths at all ages) was about 1 19,000 a year An annual 
loss of 60,000 potential citizens, in a period of public concern 
about the imminent decline in the country’s population, is 
obviously a matter calling for serious investigation I propose 
m this paper to state and discuss some of the facts about the 
vital statistics of still-births and deaths in early infancy, 
with special attention to the light they throw on the question 
of how far these deaths can be regarded as avoidable at the 
present stage of medical and social knowledge 
About half the infant deaths before the war were certified 
as due to infectious processes, the big cause-groups being 
bronchitis and pneumonia, diarrhoea and enteritis, and 
the common infectious diseases, mainly whooping cough 
and measles The great majority of these deaths occurred in 
infants more than a month old The other half of the infant 
deaths was ascribed to the group of causes sometimes called 
“ developmental and wasting diseases ”, and sometimes 
“ congenital causes ”, and mainly affected infants during 
the first four weeks of life There are thus good grounds for 
making a distinction between neonatal deaths (at ages less 
than four weeks) and postnatal deaths (these during the 
remainder of the year of infancy) Still-births and neonatal 


deaths form a natural aetiological grouping, in which the 
mam influences are foetal defects, unfavourable intra uterine 
conditions, the hazards of the birth process, and adverse 
environmental circumstances acting on the child indirectly 
through the mother. 

During the five years 1934 to 1938 inclusive, the average 
infant mortality in England and Wales was 56 9 deaths per 
1 ,000 live births, of which the neonatal rate was 30 0 Deaths 
m the “ congenital causes ” group gave a rate of 30 9 The 
rates attributed to the various diagnostic categories included 
under this heading are shown m Table I More than had 
the deaths are associated with prematurity, and one h! 
with congenital malformations 


TABLE I. DEATHS FROM “ CONGENITAL CAUSES ” 
MORTALITY-RATES PER 1,000 LIVE BIRTHS, ENGLAN 
A Kin WAI 1934-38 


Congenital malformations 
Congenital debility 
Premature birth 
Atelectasis 
Icterus neonatorum 
Disease of the umbilicus 
Pemphigus neonatorum 
Other diseases of early infancy 
Injury at birth 

Total 


602 
2 30 
16 83 
195 
0 53 
0 13 
Oil 
0 53 
246 

30 86 


These national averages conceal quite wide j. 

tween different strata of the population An i5 

3 variation in the rates with social and econo 
ovided by Table II In his 1931 Decennial snpp 

.ble ii Mortality from concbnitalja^f 


CONUC « rlASS 

LEGITIMATE INFANTS W SOCIAL g* 
FATHER, ENGLAND AND WALES, ii 

IV '' 
57 
33 
18 6 
20 
29 


Social class 

lgemtal malformations 
lgenital debility 
mature birth 
iry at birth 
ler causes 


Total 


1 

II 

III 

50 

54 

56 

1 4 

22 

29 

10 5 

14 4 

16 8 

23 

25 

2 1 

28 

3 0 

27 





22 0 

27 5 

30 1 


v 

54 

38 

J96 

20 

30 


D 

55 

30 

173 

21 

30 


32 5 33 3 
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part Ha (occupational mortality), theRegistrar-General divided 
the occupied males into five social classes Class I com- 
prised the higher business and professional occupations, 
Class III the skilled workers, and Class V the unskilled The 
other classes were intermediate, Class II being mainly the 
lower professional and business grades, and Class IV semi- 
skilled workers The average infant mortality during 1930-32 
is given for each class, analyzed by cause and by age at death 
The table shows the rates for the congenital causes group, 
and for the various sub-headings in so far as they are 
separately distinguished It will be seen that the total 
mortality of 33 8 in Class V is more than 50% higher than 
the rate in Class I Congenital malformations and other 
causes show no consistent class gradient, and injury at birth 
decreases slightly as one descends the social scale But 
congenital debility and premature birth go up quite steeply 
with increase in poverty Class V shows nearly double the 
mortality of Class I from premature birth, and over 2\ tunes 
the rate for congenital debility The whole of the difference 
between Class I and Class V is accounted for by the excess 
under these two headings 

Still-birth rates are usually calculated by the formula 

Num b er of still-births during year 

Number of live births+still births during year x 
The rates are thus not quite comparable with those for infant 
mortality, which are given per 1,000 live births In England 
and Wales during 1934-38, the still-birth rate, calculated as 
above, was 39 7 The still-birth rate, per 1,000 live births, 
was 41 3, as compared with the neonatal mortality-rate of 
30 0 In England and Wales there are no figures available 
for still-births analyzed by cause or by social class 

Registration of still-births in Scotland did not begin until 
1939, and an analysis for this year by social class of father 
was made by the Registrar-General for Scotland The 
results are shown m Table HI It will be seen that in the 

TABLE III STILL-BIRTHS ACCORDING TO SOCIAL 
CLASS OF FATHER, SCOTLAND, 1939 RATES PER 1,000 
TOTAL BIRTHS, LIVE AND STILL 

Social class 

I II 111 IV V All 
Large burghs 30 0 35 5 41 8 43 I 44 0 42 I 

Counties (excluding large 

burghs) 38 7 39 6 48 7 33 6 39 0 42 5 

Scotland 33 9 37 8 44 5 38 0 42-4 42 2 

large burghs (the 24 largest towns) the rate rises steadily 
with fall in economic status, Class V having a rate about 
50% higher than that for Class I In the county areas there 
is no clear trend, and Class HI gives much the highest rate 
This anomalous result may be at least partially explained 
by the mode of allocation of occupational groups to the 
different social classes In particular, mortality-rates among 
infants of coal miners are excessively high This is discussed 
below The majority of coal miners are assigned to Class 3H, 
and there are probably enough miners in the Scottish counfies 
to give an anomalously high figure for Class HI Never- 
theless, the irregularity of the figures for Scottish counties 
does suggest that economic status is not the only important 
social agency influencing the incidence of still-births 

In Scotland, but not m England and Wales, the law requires 
registrauon of the cause of each still-birth The data are 
tabulated in considerable detail by the Registrar-General for 
Scotland, and the figures for 1939 to 1943 are summarized in 
Table IV In view of the difficulty of fixing the cause of a 


TABLE IV CAUSES OF STILLBIRTHS, SCOTLAND, 
1939-43 RATES PER 1,000 TOTAL BIRTHS, LIVE AND 



STILL 

1939 1 9*r0 

1941 

1942 

1943 

Mean 

General diseases in mother 

09 

09 

1 3 

I 2 

1 2 

i i 

Toxaemias in mother 

3 8 

4-4 

40 

42 

34 

40 

Ante partum haemorrhage 

54 

5 0 

5 1 

52 

43 

50 

Difficult labour 

95 

89 

II 3 

10 4 

93 

9 9 

Foetal malformations 

5 9 

6 1 

65 

68 

6 1 

63 

Other defined causes 

29 

3 1 

32 

42 

4 S'! 

- 13 3 

Undefined causes 

13 9 

137 

8 1 

63 

69J 

All causes 

42 2 

42 1 

39 6 

38 2 

35 6 

39 6 


still-birth with any certainty, the table shows remarkably 
high consistency m the mam cause groups from year to year 
The only large change has been a fall m the undefined causes 
and a corresponding rise in the miscellaneous defined causes 
It may be taken that certification, if not accurate, is at any 
rate biased in the same way m different years The mean rates 
for the five years can be summarized as follows 


Conditions affecting the mother (general diseases 


toxaemias and haemorrhage) 


10 1 

Difficult labour 


99 

Foetal malformations 


63 

Other causes defined and undefined 


13 3 


Total 

39 6 


To obtain the total mortality from congenital malforma- 
tions, one must combine the still-birth rate and that for 
hve-bom infants In Scotland, during 1939-43, the average 
infant mortality from congenital malformations, calculated 
per 1,000 total births, was 6 3 — exactly the same as the rate 
among still-births The total mortality was thus 12 6 per 
1,000 total births, or 13 0 when reckoned per 1,000 hve 
births 

Still-birth and neonatal mortality-rates are influenced by 
three groups of eUological agencies 

1 Biological 

2 Social and economic 

3 Medical and nursing facilities 

The biological differentials include parity of birth, age of 
mother, and sex of infant 

Birth-Parity and Maternal Age 

Figures showing the vanafion in still-birth rates with 
parity and age of mother are shown in Table V The data are 


TABLE V SINGLE STILLBIRTHS PER 1,000 SINGLE 
LIVE-BIRTHS BY PARITY AND AGE OF MOTHER, 
ENGLAND AND WALES, 1939-40 


A^e of 
mother 

l 

2 

3 

4 

Order of b rth 

5 6 7 3 

9 

10 

i i 14 rtii 

15-19 

27 

18 

















. 

26 

20-24 

29 

18 

23 

31 

— 

— 

— 

— 

— . 

— 

— 

26 

25-29 

39 

21 

24 

29 

33 

34 

— 

— 

— 

— 

— 

31 

30-34 

57 

27 

31 

35 

33 

39 

42 

42 

— . 

— 

— 

3? 

35-39 

82 

39 

40 

48 

50 

51 

51 

55 

62 

63 

63 

52 

-t0-t4 

113 

59 

57 

59 

77 

71 

72 

67 

72 

71 

eo 

71 

4S-.9 





— 

. 

— 

— 

— 

— 

— 

— 

— 

101 

All 1 

tO 

25 

30 

33 

45 

-,3 

52 

57 

66 

70 

77 

36 


for England and Wales in 1939-40, and refer only to single 
births, it being impossible, from the Registrar-Generals 
tabulations, to include twin and tnp'et matermues But the 
difference that this omission makes to the general picture is 
negligible All rates shown are based on at least SO deaths 
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The table shows the following features * 

At any given birth-parity, the stiil-birth rate Increases 
steadily with age of mothers. 

At any given maternal age, the rate is highest for the 
first-born, lowest for the second-bom, and then increases 
slowly with mcrease in parity 

There are no national figures relating neonatal death-rates 
to age of mother or birth-panty But various special studies, 
including those of Burns (1942) in the County of Durham, 
of Band (1945) m Aberdeen, and of Woodbury (1925) in a 
number of towns in the USA, agree in the conclusion that, 
at any given maternal age, the pattern of neonatal mortality- 
rates in relation to bnth rank is similar to that for still-bmths 
They also find that mortality-rates are higher for the older 
mothers, but there is a suggestion that rates may be rather 
higher for mothers below twenty years of age than for those 
in the early twenties It is desnable that the question should 
be investigated on a large enough scale to give reliable rates 
in all sub-groups 

Sex Ratio 

Male still-bnths number about 120 for every 100 female 
still-bmths Neonatal mortality-rates among male babies are 
about 125 % of the female rate But when the total rates are 
analyzed by cause, curious differences appear Table VI 

TABLE VI RATIO OF MALE TO FEMALE STILL-BIRTHS* 
SCOTLAND, 1939-43 


General diseases in mother 

1939 

1940 

1941 

1942 

1943 

Mean 

1 08 

1 77 

1 72 

1 13 

1 42 

I 42 

Toxaemias in mother 

1 18 

1 39 

1 58 

1 36 

1 21 

1 34 

Ante-partum haemorrhage 

1 41 

1 24 

1 36 

1 26 

1 36 

1 33 

Difficult labour 

1 68 

1 72 

1 56 

1 61 

1 35 

1 58 

Foetal malformations 

0 64 

0 69 

0 63 

0 57 

0 60 

0 63 

Other defined causes 

1 19 

1 28 

1 49 

1 23 

1 20 

1 28 

Undefined causes 

1 27 

1 28 

1 28 

1 37 

1 II 

1 26 

All causes 

1 28 

1 26 

1 27 

1 19 

1 II 

1 22 


gives the ratio of male to female still-births in Scotland m the 
mam cause groups There is a substantial male excess in all 
cause groups except foetal malformations, where the female 
still-bmths outnumber the male by more than 3 to 2 Male 
foetuses are more liable than female to succumb to the penis 
of the process of being born , but the incidence of lethal 
defects m the foetus itself is higher among females The 
relative sex incidence varies greatly for different lands of 
malformations, as is shown m Table VH The largest single 


TABLE VII STILL-BIRTHS FROM FOETAL MALFORMA- 
TIONS, SCOTLAND, 1939-43 


Anencephalus 

Total 

1,180 

Male 

325 

Female 

855 

Ratio 
male to 
female 

0 38 

Hydrocephalus 

604 

318 

286 

1 II 

0 60 

Multiple malformations 

351 

132 

219 

Spina bifida 

236 

95 

141 

0 67 

Others 

544 

249 

295 

0 84 

Total 

2,915 

1,119 

1,796 

0 62 


category of malformations, anencephalus, was responsible 
for 1,180 still-births in the five years m Scotland The male 
to female ratio was 0 38 Hydrocephalus showed a slight 
male excess, but all other lands of malformation, with two 
very minor exceptions, predominated in female foetuses 
There is a similar wide vanation m the sex incidence of 
deaths among hve-bom infants from congenital malforma- 
tions This is shown in Table VIII, which is condensed from 


TABt-fe Vlll RATIO OF MALE TO FEMALE DEATHS 
AMONG LIVE-BORN INFANTS FROM CONGENITAL 
MALFORMATIONS, ENGLAND AND WALES, 1931-35 


Pyloric stenosis 

Imperforate anus 

Cleft palate, hare lip 

Other malformations of digestive tract 

Heart 

Hydrocephalus 

Other malformations of central nervous system 

Other skeletal malformations 

Spina bifida, meningocele 

Monstrosities 

Naevi 


3 88 
3 07 
I 66 
I 49 
I 41 
I 27 
0 83 
0 74 
0 70 
0 67 
0 53 


a table given in the annual report of the Registrar-General 
of England and Wales (text, 1936) 

The ratio of male to female deaths vanes from 3 88 to 
0 53, and in no category is it even approximately unity It is 
interesting to note that in the two categories that appear m 
Tables VII and VIII — hydrocephalus and spina bifida — the 
sex ratio among still-births is very similar to that among 
hve-births 


Extent of Influence of Social Factors not Apparent from 
Crude Statistics 


Some of the evidence for attributing great influence to 
social and economic conditions has already been given in 
Tables II and III Still-birth rates, and infant mortality from 
prematurity and the unsatisfactory diagnosis of “ congenital 
debility ”, mcrease steadily from Class I to Class V The 
Registrar-General’s analysis by social class does not display 
the full extent of difference in the rates in different sections 
of the population The worst county boroughs in England 
and Wales, for example, show considerably higher still-birth 
and neonatal death-rates than those for Class V as a whole 
Nor do observed differences m rates between social classes 
express the full effect of economic conditions, because of the 
class gradient in fertility The average number of children 
per famil y in Class I is less than in Class V There will 
therefore be a larger number of first-born per 1,000 births 
at the higher social level, entailing a bigger mortality risk 
Increasing poverty and increasing size of family pull in 
opposite directions in their effects on still-birth and neonatal 
death-rates If one could subdivide the births in Class I and 
Class V by parity and age of mother, and compare the rates 
in each sub-group, the contrast would necessarily be greater 
than that found between the crude figures, which take no 
account of the differences m biological composition of the 
social classes with respect to birth parity and age of mo er 


Influence of Maternal Nutrition and of Medical Care 
There is a consensus of medical opinion, expressed in such 
articles as that of Young (1945), that still-birth and neonatal 
■ates are greatly influenced by maternal nutrition m 
irenatal period The evidence, which there is no space to 
consider fully here, is reviewed in a paper shortly 
jubhshed by Woolf (1946), and is discussed also by Hugge 
1946) in this number Woolf also subjects the s - 
tnd neonatal mortality-rates in county boroughs of EngJan 
md Wales to a process of multiple regression analysis sum 
o that employed in a published study by Woolf 
louse (1945) He finds that both rates tend to increase, 
lecreasing size of family When this is allowed for, s i * ^ 
ates are very sensitive to increases in the percen g „ 
memployed or in low-paid occupations, but are bar y 
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affected at all by indices of overcrowding This is consistent 
with the view that poverty exerts its influence primarily 
through malnutrition. Among neonatal deaths, the indica- 
tions are that overcrowding and malnutrition are both of 
importance This aetiological differential is supported by 
changes in the rates during the war There has been an 
improvement in nutation among the poorest section of 
mothers, due to the abolition of unemployment, the upward 
levelling of earnings, and the nutritional policy of the Govern- 
ment. On the other hand, housing conditions probably 
deteriorated. Between 1938 and 1944, still-birth rates 
dropped from 39 8 to 28 5, a fall of 113, but neonatal 
mortality dropped only by 3 8, from 28 3 to 24 5 
Woolf also gives an account of the evidence that still-birth 
and neonatal rates can be drastically reduced by improve- 
ments m the standards of medical and nursing care Besides 
special studies like that of Baird (1945), this proposition is 
supported by much indirect statistical evidence It is only 
by this means that one can account for the very low rates in 
Greater London, and the abnormally high rates among 
mining communities, which are still evident when differences 
in crowding, poverty and size of family are fully taken mto 
account 

In summing up, it is convement to consider congenital 
malformations separately from the other categories of still- 
births and neonatal deaths The majority of still-births seem 
to arise from the hazards of the birth process This must 
depend greatly on intra-uterine conditions, since the risk 
vanes so much with buth panty and maternal age There 
are good grounds for believing that the mtra-utenne environ- 
ment is also adversely affected by maternal malnutrition, and 
that the hazards of birth can be substantially diminished by 
antenatal and obstetric care Neonatal deaths, whether 
ascribed to prematurity or not, are much more frequent in 
premature than in full-term infants The incidence of 
prematurity can be reduced by improved social conditions, 
especially nutritional, and by better professional care, which 
can also prevent many deaths when prematurity has occurred 
(cf Crosse, 1945) Death-rates in all these categories could 
also be reduced by an increase in the average size of family 
and a decrease in the average maternal age 

Congenital Malformations 

Congenital malformations seem to differ from the other 
categories of still-births and neonatal deaths Here there 
seems no basis for sober optimism, nor any indication of a 
plan for attacking the problem. It seems that such defects 
anse during the process of fertilization of ovum by sperma- 
tozoon, and that nothing we may do afterwards can undo the 
damage That may turn out to be the case But there are 
some things about congenital malformations that need 
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investigation before this pessimistic conclusion can be 
accepted Firstly, there are the curious differences m sex- 
ratio in the various lands of malformation These form a 


TABLE IX STILL BIRTHS FROM FOETAL MALFORMA- 
TIONS PER 1,000 TOTAL BIRTHS BY MATERNAL AGE, 
SCOTLAND, 1939-43 


Age of 
mother 

1939 

I9*t0 

1941 

1942 

1943 

Mean 

Under 20 

40 

5 5 

5 5 

5 6 

29 

47 

20-24 

4 I 

45 

52 

5 6 

5 1 

49 

25-29 

54 

55 

55 

57 

47 

54 

30-34 

67 

62 

72 

73 

70 

69 

35-39 

7 8 

9 1 

9 7 

9 2 

86 

89 

40 and over 

95 

10 8 

9 4 

11 2 

95 

10 1 


challenge to medical geneticists, and their investigation might 
well bring to light new facts about human malformations 
that would provide the basis for preventive action. Secondly, 
there is some evidence that the death-rate from congenital 
malformations depends on mtra-utenne environment and is 
not solely determined by gene interactions at fertilization 
Apart from the case implicating maternal rubella, discussed 
elsewhere (Parsons, 1946) m this number, there are the 
following indications 

1 Deaths from congenital malformations are abnor- 
mally high in occupational groups where women do 
prolonged or heavy work during pregnancy 

2 Deaths from congenital malformations, like other 
categories of neonatal mortality, are abnormally low in 
Greater London Can this be an effect of better antenatal 
and obstetrical care 7 

3 The still-birth rate from congenital malformations 
vanes greatly with age of mother The figures for Scotland 
are shown m Table IX It is difficult to explain the rise 
in rate with maternal age except as indicating that mtra- 
utenne condiUons must have a marked influence on the 
genesis of foetal deformities 

It is, of course, true that the figures show only death-rates, 
and not incidence-rates of foetal malformations It may be 
that large numbers of foetal monstrosities are aborted early 
m pregnancy, and that there is a sex difference m abortion 
rates It may be that in some cases — e.g. cleft palate — a 
substantial proportion of affected individuals are viable, and 
that the sex-ratio among these is different from that among 
those who succumb Taking still-births and hv e-births 
together, the total loss of infant life from congenital mal- 
formations js greater than the combined figure for measles, 
whooping-cough and diarrhoea and enteritis The problems 
briefly touched on here are surely worth a full-scale 
investigation 
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Recent years have seen an awakening of interest in the 
problem of neonatal mortality Pathological studies of the 
causes of foetal and neonatal death have helped materially 
to define the extent and nature of the problem, and have 
revealed certain facts of the greatest importance, which 
formerly were not appreciated It has been shown that 
clinical diagnosis, when unconfirmed by post-mortem 
findings, is liable to be inaccurate This is not surprising, 
as the clinical manifestations, even of grave disease m the 
newly bom, can be extremely obscure and misleading even 
to the most skilled observers This is therefore one of the 
branches of medicine in which the close co-operation of a 
pathologist can be of the utmost value to clinical workers, 
and it is regrettable that even now, despite much improve- 
ment in recent years, the pathology of still-birth and of the 
neonatal period is still a somewhat neglected field 
The following brief review of the subject is based on the 
experience of the writer as pathologist to a large maternity 
hospital, where it has been the practice for many years to 
perform necropsies on all live-bom babies that die in hospital, 
except for the very few for which permission is refused by 
the parents, and also on a large number of dead-bom 
foetuses The results presented may therefore be accepted 
as fully representative of the foetal and neonatal mortality 
of the hospital 

TABLE I CAUSES OF FOETAL DEATH IN 435 CASES 
OF STILL-BIRTH 


Condition 

Full time 

Premature 

Total 

Per -cent 

Developmental defects 

23 

65 

88 

20 2 

Intracranial haemorrhage 

68 

37 

105 

24 1 

Asphyxia 

94 

68 

162 

37 2 

Infections 

1 1 

3 

14 

3 2 

Miscellaneous 

10 

1 1 

21 

4 8 

Not ascertained 

12 

51 

63 

10 3 


TABLE II CAUSES OF 6l8 NEONATAL DEATHS 


Condition 


Developmental defects 

Intracranial haemorrhage 

Asphyxia 

Infections 

Miscellaneous 

Prematurity only 

Not ascertained 


Full time 

Premature 

Total 

Per cent 

42 

23 

' 65 1 

10 5 

31 

| 140 

171 1 

27 6 

14 

67 

81 1 

13 1 

64 

126 

190 i 

30 7 

24 

25 

49 1 

79 


55 | 

55 1 

9 

7 

I 

7 ' 

1 


Table I presents the pathological findings m 435 cases of 
still-birth, and Table II those in 618 cases of neonatal death, 
arranged according to what was deemed to be the principal 
cause of death From these it is evident that the majority 

of cases of still-birth fall into one of three mam categories 

defects of development, asphyxia, and intracranial haemo- 
rrhage— while m cases of neonatal death a fourth important 
group is added — infective diseases These four categories 
included over 80% of both still-births and neonatal deaths, 
and are therefore of such great importance that they must 
be dealt with m some detail 

Defects of Development 

Developmental defects were found in 20% of the still- 
births and 10 5 % of the neonatal deaths There is a great 
variety of these conditions that may prove incompatible with 
the establishment or continuance of independent existence 
after birth They are not preventable, and their interest is 
embryological rather than pathological or clinical No 
detailed description of *hese conditions or discussion of the 
embryological problems concerning them is appropriate 
here, but brief mention may be made of some of the commoner 
forms of maldevelopment 

Congenital cardiac defects are more often a cause of 
neonatal death than of still-birth They occur in endless 
variety Those that cause death in the neonatal period are 
often complex and of severe grade Anencephaly is relatively 
common as a cause of still-birth Very occasionally an 
anencephalic foetus is born alive, but they never survive long 
Spina bifida is one of the commonest developmental mal- 
formations, most often affecting the lumbo-sacral region, 
and usually associated with meningocele or meningo- 
myelocele, and often with congenital hydrocephalus These 
infants are most often full-term and born alive Sometimes 
in cases of occipital memngo-encephalocele, the whole brain 
lies outside the cranium, within the sac, and the low, flat 
vault of the skull, enclosing a tiny cranial cavity, gives an 
appearance resembling anencephaly Such infants k occa- 
sionally survive for several days 
Diaphragmatic defects, with displacement of abdominal 
organs mto the thorax, are less rare than is often thought 
They are much commoner on the left side than on the right 
The most usual type is the so-called “ false hernia,” where 
the pleural and peritoneal sacs are in continuity through 
the defect in the diaphragm, and the displaced viscera are 
not enclosed m a hernial sac Sometimes, however, the two 
serous cavities are not continuous, and the displace 
abdominal viscera have a covering composed of peritonea 
and pleural membrane, which separates them from the 
thoracic organs In cases of diaphragmatic hernia it is usua 
to find that the lung on the affected side is imperfec y 
developed, sometimes vestigeal 
Developmental defects of the urinary system are among 
those most often encountered Absence of both kidneys is 
an occasional cause of early neonatal death Extreme case 
of bilateral renal hypoplasia and of polycystic disease may 
be incompatible with life beyond a few days or weeKs 
Congenital hydronephrosis does not often cause dea 
early, but may be found when death is due to another ca 
The writer has been impressed with the frequency with w 
developmental errors of the genito-urinary system accompa y 
other defects, which may be of a more lethal nature 
the pathologist whose work is with newly born mfan 


174 



PATHOLOGY OF STILL BIRTHS AND NEONATAL DEATH Agnes R Macgrecfir 


foetuses comes to regard such conditions as absence or 
extreme hypoplasia of one kidney, horse-shoe kidney, and 
double ureter or pelvis, as fairly common occurrences, while 
he whose work is with older subjects regards them as 
ranties 


Asphyxia 


Asphyxia resulting from stress of birth or accidents such 
as antepartum haemorrhage or prolapse of the cord is 
among the most important causes of still birth and neonatal 
death It accounted for 37 2% of the still births and 1 3 1 % 
of the neonatal deaths in the writer’s series The degree of 
asphyxia suffered by the foetus may be sufficient to cause 
death before delivery Such foetuses will show at autopsy 
clear signs of asphyxia multiple subserous petechial 
haemorrhages, especially in the thorax, haemorrhages in the 
thymus and lungs, dilatation of the right side of the heart, 
extreme venous engorgement throughout the body, and dark, 
fluid blood. In addition, the asphyxiated foetus may have 
passed meconium into the liquor amnn and inhaled lL The 
colon will then be found empty, and the respiratory passages 
full of greenish fluid, the lungs being sometimes so full that 
they are to some extent expanded, and are bulky and heavy 
like pneumonic lungs, and of a green tint 
More commonly, without passage of meconium, asphyxia 
may stimulate the foetal respiratory centre so that attempts 
at respiration are made before the child is bom, with die 
result that the lungs are flooded with liquor amnn This 
can be recognized under the microscope by the presence of 
solid debris, which is suspended in the liquor amnn Cormfied 
cells, lanugo hairs, and masses of vernix caseosa, all derived 
from the skin of the foetus, are found in large quantity in 
the lungs 

Although there is some difference of opinion as to whether 
any liquor amnn normally enters the foetal lungs, there is 
little doubt that any considerable quantity is abnormal and 
indicates severe foetal asphyxia This is a common finding 
both in still-births and in asphyxiated infants that are bom 
alive In the latter, the water-logged state of the lungs 
interferes seriously with the establishment of respiration, 
and the presence of so much solid material may, of itself, 
prevent proper aeration Especially is this the case when the 
foetus has inhaled masses of vernix This material, when 
found in unaerated lungs, is m solid lumps, but, when air 
enters, the vernix becomes plastered against the walls of the 
air-spaces as a membrane, which may form a complete lining 
in bronchioles, alveolar ducts and alveoli This causes most 
serious obstrucUon to the passage of air, and is usually 
accompanied by extreme atelectasis, while areas of lung into 
which air does enter may become over-inflated, producing 
acute emphysema, which is often of interstitial type air 
bullae form in the interlobular septa and pleura, and the 
rupture of subpleural bullae is an occasional cause of spon- 


taneous pneumothorax in the newly bom 
Asphyxiated infants suffer, not only from mechanical 
effects of inhaled liquor anuui, but from depressed activity 
of the respiratory centre, wh.ch is the direct result of asphyxia 
when it reaches the degree at which stimulation is succeeded 
by depression or paralysis Such infants do not cry well 
and may continue for some hours, or even a day or two, 
with shallow breathing which never adequately expands the 
lungs If an infant remains in this condition until death, 
the lungs are found in a state of almost complete atelectasis 


They may be macroscopically indistinguishable from the 
lungs of a foetus that has never breathed, and they sink 
heavily in water Microscopical examination reveals that 
air has penetrated only to some of the bronchioles and 
alveolar ducts, and there may be no aeration of alveoli 
This condition may be found in an infant that has lived as 
long as 24 hours If an infant contmues thus into the second 
or third day, the lungs almost inevitably develop an increasing 
oedema, and, as will be seen later, are very prone to become 
the seat of pneumonia 

The extreme venous engorgement that accompanies 
asphyxia may be a cause of severe and fatal haemorrhage at 
various sites, to which reference will be made later 

Intracranial Haemorrhage 

Intracranial haemorrhage was responsible for 24 1 % of the 
still-births and 27 6% of the neonatal deaths m the writer s 
senes of cases Three distinct types are common subdural, 
subarachnoid, and intraventncular 

Subdural haemorrhage is perhaps the most familiar It 
results directly from birth trauma that causes tearing of intra- 
cranial veins The commonest site of injury is the tentorium, 
cerebelh Especially when the free margin is damaged, a 
vein is liable to be tom across and free haemorrhage mto the 
subdural space results Less often, the falx cerebri is the 
site of the tear, which iray cause severe haemorrhage if the 
infenor sagittal sinus is involved An occasional cause of 
very severe haemorrhage is rupture of the great cerebral 
vein usually close to its point of entry mto the straight sinus 
(sinus rectus) Subdural haemorrhage is apt to occur under 
circumstances that cause excessive moulding or compression 
of the foetal head disproportion, obstructed labour from 
various causes, and mtrumental deliveries It is to be 
expected that a majority of cases should be in full-tenn 
babies and this is the case , but it is noteworthy that the 
number of cases m premature infants is large in proportion 
to the number of premature births 

Subarachnoid haemorrhage is less important, though it 
is a frequent finding m both still-births and neonatal deaths 
Except when it is secondary to intraventricular haemorrhage, 
the bleeding comes from veins m the leptomeninx over the 
surface of the brain: It is considerably commoner m prema- 
ture than m full-term infants, and, as evidence of severe 
asphyxia is usually present, and there is often a history of 
some condition such as antepartum haemorrhage, which 
would be likely to cause foetal asphyxia, the haemorrhage 
can usually be explained as a result of asphyxial venous 
engorgement. Under these conditions, haemorrhage is 
probably more likely to result m the premature, owing to 
the imma turity of the veins, m which the muscle and elastic 
tissue are not fully developed. Subarachnoid haemorrhage 
is not often very severe, and is probably seldom m itself a 
direct cause of death Blood effused in this situation is 
readily absorbed, and there is little risk that it will become 
organized. There is therefore no reason to suppose that it 
often produces permanent harmful effects, though the writer 
has seen hydrocephalus result from organization of a 
subarachnoid haemorrhage at ihe base of the brain 

Intraventncular haemorrhage is much more deadly It is 
of interest in that it is almost entirely a disease oi the 
premature In a consecutive senes of 156 cases of intra- 
ventncular haemorrhage examined by the wnter only 7 xere 
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in full-term babies It is not very often found in still-births 
(only 19 of the 1 56 cases were still-births) , it is most frequent 
in live-born infants that die on the first day , and although 
it may be encountered late in the neonatal period, it is rather 
uncommon after the first week The source of the haemo- 
rrhage is usually a vein in the floor of one of the lateral 
ventricles, most often the terminal vein, which runs in the 
groove between the thalamus and the caudate nucleus. 
Haemorrhage occurs first under the ependyma If this 
ruptures, free bleeding takes place into the ventricles Some- 
times the source of the haemorrhage is the choroid plexus 
In a severe case, the whole ventricular cavity may be filled 
with blood-clot, which forms a complete cast of all the 
entriclesv and aqueduct As some blood usually escapes 
into the subarachnoid space, intraventricular haemorrhage 
is usually accompanied by subarachnoid haemorrhage. It 
may cause a great increase of intracranial pressure, and it is 
probably rapidly fatal m most cases. At necropsy, there is 
usually evidence of asphyxia at birth, but there may be other 
aetiological factors not as yet understood It is probable 
that the haemorrhage into the ventricles does not usually 
occur until a variable time after birth, but it may be that the 
subependymal haemorrhage takes place as a result of birth- 
asphyxia, the rupture through the ependyma being delayed 
for some hours or days 

A less common type of haemorrhage, sometimes associated 
with intraventricular haemorrhage, is when bleeding occurs 
mto the brain-substance m the central part of the cerebrum. 
Sometimes this is associated with thrombosis of the choroidal 
and great cerebral veins 

Another infrequently-encountered type of intracranial 
haemorrhage is extra-dural, which is the result of severe 
trauma, with rupture of sutures or fracture of the parietal 
bone, when the most probable source is injury to the middle 
meningeal artery 

Infective Diseases 

Perhaps the most valuable contribution that pathology has 
made to knowledge of disease m the newly born is the revela- 
tion of the immense importance of infection as a cause of 
neonatal death 


TABLE lit. CAUSES OF 241 NEONATAL DEATHS 
AFTER THE THIRD DAY 


Condition 

Number 

Per cent 

Developmental defects 

20 

83 

Intracranial haemorrhage 

22 

9 1 

Asphyxia 

1 

0 4 

Infections 

158 

65 5 

Miscellaneous ! 

40 

1 b b 


Infection was responsible for 3 2% of the foetal deaths 
and 30 7% of the neonatal deaths in the writer’s series 
Table IH, which deals with the same senes of cases as 
Table II, but excludes all deaths in the first 3 days, reveals 
that among those babies that survived the immediate risks of 
birth and died during the first month, almost two-thirds died 
of infective diseases This is a fact that would have been 
thought incredible a few years ago, when less was known 
about these matters, and even yet it is not appreciated as it 
should be The importance of this fact cannot be exaggerated, 
for it is in this group that most improvement in mortality 
may be anticipated as a result of preventive measures 


Respiratory Infections 

The common lethal infections are those of the respiratory 
tract, especially pneumonia, and those of the alimentary 
tract, including neonatal gastro-enteritis and severe thrush 
affecting the oesophagus and sometimes the stomach and 
intestine Of these, much the most common is pneumonia, 
This has some forms that are peculiar to the neonatal period, 
and some that are commoner then than at other ages 

In the first week, and especially in the first three days, 
pneumonia usually affects lungs in which an abnormal 
condition has developed as a result of birth stress As has 
already been said, lungs that are atelectatic, oedematous, or 
filled with liquor amnn as a result of birth-asphyxia, are very 
prone to develop pneumonia, infection being contracted 
either during birth from the maternal passages, or after birth 
from the environment In pneumonia of this type, con- 
solidation is seldom massive and its presence is masked by 
atelectasis and oedema It is therefore easily missed at 
necropsy, though the experienced pathologist will usually 
detect an altered consistence by which its presence may be 
suspected even when it is not visible to the eye Micro- 
scopical examination reveals pneumonia in many cases in 
which it is not detected at necropsy 
In the later weeks of the neonatal period, pneumonia is 
seen m forms that occur also m older infants Typical 
bronchopneumonia tends to be massively confluent As in 
older infants, it may be caused by the common pathogens 
of the respiratory tract — Strep haemolyttcus. Pneumococcus, 
H influenzae — but cases that are typical pathologically may 
be due to infection with orgamsms that do not have such 
effects in older subjects, notably those of the B coli group 
This is an interesting feature of other neonatal infections 


besides pneumonia 

Two other types of pneumonia must be mentioned because, 
though not confined to the neonatal period, they are com- 
moner then than at a later age Septic aspiration pneumonia, 
due to inhalation of milk or, more often, of regurgitated or 
vomited gastrip contents, produces widespread consolidation 
with haemorrhage and a purulent type of exudate, among 
which are found masses of aspirated foreign material and 
bacteria , and the action of the gastric juice, causing lysis 
of blood and digestion of tissue, gives the microscopies 
picture easily recognized characters It should be emphasize 
that this is a common type of neonatal pneumonia The 
other special type is staphylococcal pneumonia. This is 
essentially a disease of infancy, and it is relatively common 
m the newborn It may be caused by inhalation of mi 
containing Staph aureus, but not all cases can be so exptamea, 
some result from infection transferred from the b V 
environment, from the attendants or other babies m m 
nursery Cases occur sometimes m association min 
breaks of other types of staphylococcal infection m no P 
nurseries. The condition affects one or more large areas 
the lung Suppuration develops rapidly m the bronc 
spreads to the alveolar tissue , multiple abscesses form, 
the part undergoes complete disorganisation Empye 
pyo-pneumothorax follow the rupture of abscesses ! to 
pleural cavity Death supervenes after an illness of a tew 

days 

Alimentary-tract Infections 
Neonatal gastro-enteritis is an epidemrc isease 
presents a grave problem in institutions The ba 
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is unknown, despite much investigation No known intes- 
tinal pathogen has been incriminated Certain evidence 
points to a virus as the cause Evidence that it may be 
secondary to a parenteral infection is less sausfactory than 
in the case of gastro-ententis in older infants The pathology 
is somewhat indefinite Sometimes little is found apart from 
wasting and dehydration But in many cases there is some 
evidence of an inflammatory condition, with severe con- 
gestion in the stomach and upper jejunum, sometimes with 
slight haemorrhage from the congested mucosa Ulceration 
does not develop In some cases the liver is enlarged and 
fatty, but this is not constant In many cases a terminal 
pneumonia develops, often of the septic aspiration type, from 
inhalation of vomitus 

Thrush not uncommonly assumes a severe and dangerous 
form in the newly bom, when the infection spreads from the 
mouth to the pharynx and oesophagus, less often to the 
stomach, and occasionally to the intestine The thrush 
organism ( Moniha albicans) forms masses, which adhere to 
the mucous surface as large flat plaques or small, sharply- 
defined raised nodules The mucous surface under these is 
ulcerated to a varying depth , mycelium of the organisms 
may penetrate deeply mto the wall of the organ The amount 
of inflammatory infiltration vanes, and is sometimes not 
great Oesophageal thrush is a dangerous condition The 
infants die of inan ition or from septic aspiration pneumonia 

Other Infections 

Other types of infection were relatively uncommon in the 
senes of cases under consideration. Septicaemia and 
pyaemia from umbilical sepsis, skin infections, or other 
source, occasionally occurred There were several cases of 
meningitis, due to the pyogemc cocci or to B coh This is 
another example of the unusual pathogenic effects of B coll 
in the newborn The writer has a record of only one fatal 

of osteomyelitis, which ended in pyaemia Renal 
infections are rarely fatal in the neonatal period. Congenital 
syphilis caused a small number of still-births but very few 
neonatal deaths Its small part in the mortality is a tribute 
to efficient treatment of the mothers It is the writer’s 
experience that, if a syphilitic infan t is bom alive, it usually 
survives the neonatal period 

Miscellaneous Conditions 

The most important of the various conditions that were 
included under this heading in the tables is haemolytic 
jjjsease of the foetus and newborn (erythroblastosis foetahs) 
This disease has aroused much mterest in recent years, since 
its cause was discovered in incompatibility of the blood of 
mother and foetus in respect of the Rhesus factor, which 
accounts for the vast majority of cases Reference to this 
subject 1 must here be confined to brief mention of the various 
Pathological types of the disease 
The least severe form, not often fatal, is anaemia haemo- 
ytl fa neonatorum, m which a severe haemolytic anaemia, 
without jaundice, develops soon after birth The commonest 
° nn is icterus gravis neonatorum, in which jaundice develops 
a or soon after birth, becomes deep, and is associated with 
savere anaemia, and sometimes with cerebral symptoms 
ta erable to an associated “ kemicterus ”, in which nerve- 
fans m certain nuclei of the brain undergo degeneration and 
°acome d eeply bile-stained Such cases are often fatal in 

(See piper m number by R R. Race (BMB 872 ) — Ed ] 


the early days of life, but some of the infants recover More 
severe, invariably fatal, and usually a cause of still-birth 
rather than of neonatal death, is hydrops foetahs, in which 
a very severe general oedema is associated with profound 
anaemia, but usually no jaundice These are the three well- 
recogmzed forms of the disease But a fourth, and most 
severe, form occurs, which causes earlier intra-utenne death 
The foetus is macerated when bom and may not be hydropic 
All types have certain features in common spleno- and 
hepato megaly, with excessive extra-medullary haemopoiesis 
in the liver, spleen and elsewhere , excessive haemosiderm 
deposits in the liver and spleen , and a characteristic blood- 
picture, with abnormally numerous nucleated red cells, 
many of a pnmiUve type, with corresponding changes m the 
bone-marrow In the case of a macerated foetu ^> *® 
characteristic blood-picture and other evidence of erythro- 
blastosis may not be recognizable In some of the more- 
severe cases, especially of hydrops, central-zone necrosis in 
the liver may be found, sometimes with an early replacement- 
fibrosis In the type with maceration, this may have pro- 
ceeded to a stage of diffuse fine fibrosis, which presents a 

ZZZ so bL tb.t or congenital syphjs «b.< 
must undoubtedly have been ascribed to that disease, 
esnecialiv as there is usually a similar family history of 
repeated^ still-births The principal distinguishing features 
between the two diseases are the presence of heavy haemo- 
sidTrS deposits in the liver and the absence o sp^ 
in haemolytic disease, and the reverse msypffihs and 
results of serological tests for syphilis and of tests for 

^(Xhe/condiuons^atcanonly be mentioned 

included m the “ Miscellaneous ” group are haemorrhage 

S Sr«pl=»m glands, m tb. 

Of the bowel other than those of developmental oncost 

often volvulus of the small intestine , and 

ne0pIaSm Prematurity 

One fact that emerges clearly from tins study « the out- 
standing importance of pwnrtonjr-u -a 

more espemafly m n«mta^mor^ity and 

“ JyS *£££*£ m cases of premafine 

; 4i d t s io? satfAwSs 

slightly over A that produced almost 

S5 moSto Except when U » 
three 'QU3Xt£ , i cnle a <; eertailiable cause of 

extreme, prematurity ^seldom the^soli >^ p(jsmg to death 

death, but its importance . exa^erated 

from almost every other ca> « thTES of 

In this senes, among the hve-bom infant tnat ^ ^ 

asphyxia, 82 7% we 5 e pre i? 3 gy ’and of those that died of 
STS?* £ iws^how close the problem of 

s— “ rirrr&crrs 

Summary 
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groups — defects of development, asphyxia, intra-cranial 
haemorrhage, and infective diseases A brief description 
of the principal pathological features of each of these is given 
Mention is made of various less common conditions that 


were included in the series, notably haemolytic disease of the 
foetus 

The importance of prematurity as a factor m neonatal 
mortality is emphasized 
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THE POST-MORTEM EXAMINATION 
OF THE NEWBORN INFANT 

H S BAAR, M D , Ph D 

Pathology Department, Children's Hospital, Birmingham 

The high mortality-rate of newborn infants is in striking 
contrast to the magnificent achievements of preventive 
medicine m reducing the mortality of later infancy “ The 
slight improvement in neonatal mortality in the last 30-40 
years is due almost entirely to a reduction in the deaths in 
the last three weeks of the neonatal period ” (Parsons, 
1944) Any progress in this realm of medicine can be ex- 
pected only from an accumulation of thorough knowledge 
of the physiology and pathology of intra-utenne hfe 
(Parsons, 1946), of the act of birth, and the transition from 
mtra-uterine to extra-uterine life The morbid anatomy of 
the neonatal period is an essential part of this science 
There is no unammously accepted definition of the new- 
born infant The frequently-adopted limit of 4 weeks is 
arbitrary There are more differences between the pathology 
of the 1st week of life and that of the 3rd or 4th than between 
the latter and the 8th or 10th week The first three months 
of extra-uterine life are on the other hand the most dangerous 
period of infancy, peculiar by the poor reaction to artificial 
feeding, low resistance to infections, and hydrolability For 
this reason the designation “ neonatal period ” will be used 
in this paper as synonymous with the first three months of 
life, and the first week of life will be separated as the “ early 
neonatal period ” 

A discussion of the pathology of the newborn infant is 
beyond the scope of a short article The present paper will 
therefore be restricted to the description of a comparatively 
simple technique, which appears satisfactory to the writer, 
for the post-mortem examination of the newborn infant, 
drawing attention at the same time to frequent or interesting 
findings and their interpretation We have, however, to 
realize that there is no post-mortem technique which can be 
dogmatically applied to every case Each autopsy is a piece 
of individual research work, and the pathologist is often 
confronted with findings which demand a special technique 

I EXTERNAL EXAMINATION 
The body should be inspected thoroughly for the presence 
of external abnormalities or injuries, cyanosis or icteric 
discoloration, abundance and distribution of lanugo hairs, 


the configuration of the head, the direction of palpebra 
fissures, the presence of epicanthus, the ocular distance, the 
configuration of the small finger, the presence of oedema, 
scleroedema, sclerema or adiponecrosis subcutanea neo 
natorum 

The last three conditions are often confused In scleroedema 
there is a hard pitting swelling of the skm and the impression 
of the finger disappears slowly In sclerema, which is much 
rarer, the skin appears shrunken, is even harder, like wood, 
and pitting is absent or minimal Adiponecrosis neonatorum 
is sometimes called scleroderma neonatorum or pseudo- 
sclerema It is a sharply-demarcated local lesion of the skm, 
pale reddish or bluish m colour, traumatic in origin Calcifi- 
cation and foreign-body giant-cells may be found on histo- 
logical examination Slight oedema is very frequent in the 
newborn infant Marked oedema associated with pneumonia 
of the newborn has been repeatedly seen by the writer 
Gross oedema associated with a large oedematous placenta 
should draw attention to hydrops foetahs, and the diagnosis 
should be checked by histological examination and serological 
tests on mother and baby Post-mortem blood gives, 
however, reliable results m Rh tests only within a few hours 


after death. 

The umbilicus and the skm deserve special attention If 
the stump of the umbilical cord has fallen off and any exudate 
or membranes are present, these should be examined 
bacteriologically In every case with trismus or tetanic 
cramps, the stump of the umbilical cord should be minced 
and ground with sterile Tyrode’s solution or, m the absence 
of a stump, scrapings of the umbilical wound should be 


suspended m Tyrode’s solution A part of such a suspension 
should be used for anaerobic cultures, the remainder being 
injected subcutaneously mto a mouse “ Stumps ’ more 
often give positive results for tetanus than “ scrapings 
If large vesicles are present m the skm, or/and in large 
areas — especially on the face — the epidermis is separate 
from the conum, gentle pressure by the finger shou 
applied to an apparently normal area of the skm An 
artificial separation of the epidermis (phenomenon o epi 
dermolysis) is pathognomonic for Ritter’s disease u 
post-mortem examination is done shortly after ea 
Pustules and vesicles are the common form of skm mtectio 
in the early neonatal period, while deeper abscesses, so 
common in marasmic babies of later infancy, are rar® 
this age The skm of the face should be inspected for 
presence of diffuse syphilitic infiltrations and the calea 
[ait ” colour, the lips for fissures, the palms of the han 
the plantar surfaces of the feet for diffuse desquamating 
nfiltrations or syphilitic pemphigus The latter is P 
it or appears immediately after birth and is seen only 

he early neonatal period should 

Before starting with the necropsy the m , ou ^\ 
dways be inspected for the presence of Bednars aphthae 
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superficial ulcerations in the regions of the raphe palati and 
pterygoid processes— for thrush and for swelling of the 
aheolar processes The latter, which is sometimes seen in 
>oung infants and may be associated with necrotic or gan- 
grenous changes of the gingiva, is a septic process which 
is characteristic of the neonatal period It was first described 
by Klementowshy (1876) as osteogingivitis gangraenosa, and 
its pathology was studied by Zarfl (1920) It is a haemato- 
genous infection of the tooth-bud leading progressively to 
an osteomyelitis of the jaw, sequestration of the bud, and 
someUmes gangrene of the gingiva (Fischl, 1931) 

H HEAD AND SPINAL CORD 
The dissection of the head begins with the usual ear-to-ear 
incision, the two flaps being pulled forwards and backwards 
respectively and inspected for haemorrhages, serous or 
blood-stained fluid. The bones of the vault should then be 
examined for subperiosteal hacmatomata and fractures 
The vertex of the brain is exposed without damage to the 
superior longitudinal sinus or the inflowing pial veins, by 
forming and turning down flaps consisting of the two parietal 
bon« and the lateral halves of the frontal squama, according 
to the following technique an incision is made with a 
pointed knife into the anterior fontanelle at its posterior 
approximately 5 mm from the midline The point 
o the knife is pushed parallel to the inner aspect of the parietal 
ne for 1-2 mm between dura and leptomenmges and the 
incision is extended to the lateral angle In a similar way 
e opposite side and both anterior margins are incised One 
a e of a pair of strong scissors is passed beneath the 
parietal dura at the medial end of the original incision and 
e parietal bone is cut longitudinally parallel to the sagittal 
uture and about 5 mm laterally to the latter The incision 
towar< ^ s the lambdoid suture, and then laterally 
owmvards within the latter and finally in a similar way 
FIG I 



in the coronal suture The same procedure is applied to 
the other side and the two paneto-temporal flaps are turned 
outward In the same way flaps of the two halves of the 
frontal squama are prepared and turned outward It is 
usually necessary to make a horizontal fronto-medial exten- 
sion with the help of a bone forceps, leaving only a short 
bridge for outward reflection of the flaps The procedure, 
which leaves a medial strip approximately 1 cm m width 
with the intact superior longitudinal sinus, is illustrated 
schematically in Fig I 

After reflecting the four flaps, the vertex of the brain, the 
terminations of pial veins into the superior longitudinal 
sinus, and — after a gentle sideward pushing of the hemi- 
spheres— the falx cerebri, can be easily inspected. Subdural 
haematomata over the vertex and rupture of pial veins close 
to their termination at the superior longitudinal sinus are 
not uncommon, especially in forceps delivery, and are due 
to kinking of the veins as a result of bitemporal compression 
and shifting of the parietal bones one over the other (Beneke, 
1910) They may, however, occur in spontaneous delivery 
as a result of a disproportion between the size of the head 
and the width of the birth-canal They are more common 
than is generally assumed, and they are by no means always 
fatal Evidence for this statement is the frequent finding 
of haematogenous pigment on the interior aspect of the dura 
m later infancy It is the writer’s opinion that such not- 
unmediately-fatal subdural haematomata are a frequent cause 
of feeding difficulties in the neonatal period Them relation- 
ship to true pachymeningitis haemorrhagica interna, with 
parallel layers of spiderweb-hke membranes, giant capillaries 
and accumulation of blood-stained or xanthochromic fluid, 
is a debatable problem 

Subarachnoid haemorrhages are the most common type 
of intracranial haemorrhage in immature babies, and are 
often associated with haemorrhagic oedema of the lepto- 
menmges Most of our knowledge concerning intracranial 
haemorrhages of immature infants is due to the work of 
Ylppo (1919, 1924) 

After the vertex has been examined, the falx cerebri can 
be exposed by gentle sideways pushing of the cerebral hemi- 
spheres Haematomata between the falx and the medial 
aspect of the hemispheres often accompany subdural 
haematomata over the vertex. Haematomata of varying size 
between the two dural layers of the falx are often found but, 
by themselves, without pathological significance After 
inspection of the falx, the superior longitudinal smus is 
opened and examined for thrombosis and post-mortem or 
terminal clots Absence of clots in all sinuses of the dura 
mater, in the heart, and in the great vessels, associated with 
manifestations of haemorrhagic diathesis, is suggestive of 
congenital afibnnogenia (Alhbone & Baar, 1943 , Henderson, 
Donaldson & Scarborough, 1945) A definite diagnosis is, 
however, not permissible without knowledge of mtra utani 
laboratory findings The possibility of post-mortem fibrino- 
lysis or of asphyxia must be taken into account 

The next step m the examination is the separation of the 
falx at its antero-infenor insertion. This is then pulled back- 
wards, the cerebral hemispheres are carefully pushed apart, 
and the corpus callosum is dissected longitudinally, exposing 
the superior tela chonoidea A preliminary inspecuon of the 
galenic veins is now made Engorgement of theie veins 
always suggests the presence of haemorrhages A haematoma 
may be seen around one or both veins of Galen (vena cereor 
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interna), and a rupture may be found near the point where 
they join the vena magna galem The frontal lobes are now 
raised, the olfactory tracts, the II-VI cranial nerves are cut 
transversally, and a horizontal cut is made through the 
pons varoln at the level of the incissura tentorn The brain 
can then be removed, leaving the cerebellum, the medulla, 
and part of the pons m the posterior cranial fossa The 
intact tentonum and the base of the skull are then inspected 
Tentorial tears are caused by traction mainly due to bi- 
temporal or suboccipitobregmatic compression (Beneke, 
1910 , Holland, 1937) Clotted and unclotted blood may 
be found on the superior aspect of the tentonum and m the 
postenor cranial fossa The mam localization of tentorial 
tears is in the supenor lamina They are usually superficial, 
have ragged irregular margins, and can be easily overlooked 
Fissures along the incissura tentorn are much rarer, but 
probably always fatal because of the massive haemorrhage 
into the posterior cranial fossa with compression of the me- 
dulla. The same is true for tears of the inferior lamina and 
those through both layers Haematomata between the two 
laminae, varying m size from a lentil to a pea, are very fre- 
quent, and per se without pathological significance, like 
similar haematomata of the falx cerebri 


The tentonum is now incised along its insertion in the 
supenor border of the petrous portion of the temporal bone, 
opening at the same time the supenor petrosal sinus, and 
the incision is extended to the anterior part of the occipital 
insertion The cranial nerves VII-XII are severed, the 
medulla is incised with a bistoury as deeply as possible, and 
the contents of the posterior cranial fossa are removed The 
sinuses of the dura mater are opened and inspected, and the 
pituitary is removed without being touched by an instrument 
This is done by making an arched incision along the anterior 
margin of the diaphragma sellae, grasping one of the postenor 
clinoid processes with a dented forceps, pushing the knife 
beneath the pituitary, and cutting through the cartilaginous 
dorsum sellae The sella is inspected for remnants of the 
cramo-pharyngeal duct, which, if present, is found antenorly, 
in or just behind the plane of the anterior clinoid processes 
The dura of the middle cranial fossa is separated from the 
bone by means of a chisel and the middle ears are opened, 
the chisel being thoroughly clean and applied with as little 
inclination as possible Slightly blood-stained serous or 
mucous exudate is very often (about 75 %) found m the middle 
ears in the early neonatal period This exudate is often sterile 
and is evidence of an aseptic foreign-body otitis media due 
to aspiration through the Eustachian tube If the exudate 
becomes infected, a purulent otitis media may develop m 
the early days of life The exudate is always present in the 
mastoid antrum as well as in the tympanic cavity. In rare 
instances the aspirated material contains tubercle bacilli, 
and this results in a primary tuberculous complex of the 
middle ear with extensive and uniform caseation of the lymph- 
nodes m the deep supenor cervical group (Baar & Evans, 
1941) 


The sphenoid, maxillary and frontal sinuses, the ethmoidal 
cells, the nasal mucosa and the nasopharynx are inspected 
after a saw-cut in the coronal plane, approximately halfway 
between the sphenoid limbus and the ethnoidal spine The 
angle of inclination of the clivus is measured, and the spheno- 
occipital and intersphenoid synchondroses are examined 
whenever a depression of the bridge of the nose is found 


(achondropkisia, cretinism, etc ) The wings of the sphenoid 
should be examined when hypertelorism is suspected 

The brain previously removed is now examined further, 
The roof of the third ventricle is dissected, the pineal gland 
inspected, and a horizontal section with a brain knife is made 
through each cerebral hemisphere in such a way that the 
floors of the lateral ventricles are exposed 

The condition of the veins of Galen, the veins of the corpus 
striatum and choroid plexus, venae cerebri intemae, venae 
temunales, venae ventricuh lateralis and plexus choroidei 
is of particular importance They may be ruptured, and a 
gross intraventricular haemorrhage may be found, or they 
may be engorged with punctate haemorrhages m the grey 
matter surrounding the ventricles Subependymal haemor- 
rhages are often found on microscopical examination The 
pathology of haemorrhages m the galenic system has been 
thoroughly studied and their mechanism elucidated m a fairly 
convincing manner by the classic work of Schwarz (1927) m 
Frankfurt. 


According to Schwarz a suction-mechanism is responsible 
for the majority of intracranial haemorrhages As soon as 
the head exchanges the high mtra-utenne pressure for the 
lower atmospheric pressure, a negative pressure is applied 
to it causing not only a caput succedaneum but also intra- 
cranial haemorrhages by propagation through the less- 
resistant parts of the skull to the sinuses of the dura mater, 
m particular to the smus rectus and then to the vena magna 
Galem and its tributaries in the galenic system (“caisson 
mechanism ”) A similar mechanism may operate m breech 
deliveries as a result of rapidly-changing mtra-utenne pressure. 
Schwarz’s work has been challenged by some authors, and 
certainly his ideas are somewhat one-sided For instance, 
engorgement and rupture of the veins of Galen may be due 
m some cases to their being kinked (Holland, 1937), aspbyxial 
haemorrhages are often indistinguishable from those by 
suction-mechanism, and micronecroses and Virchow’s “en- 
cephalitis mterstitiahs neonatorum” (1867) may result not 
only from birth injury but also from septic infections and 
from kemicterus (Ceelen, 1920 , Baar, 1937) Moreover, 
physiological reflexes of the newborn, hypertomcity and ex- 
tensor plantar reflexes, which Schwarz attributed to intra- 
cranial haemorrhages, are more reasonably explained by the 
immaturity of the central nervous system (Reuss, 1931) 
Nevertheless, for the majority of cases, the theory of 
Schwarz appears to the writer to be correct His theory is 
supported by the engorgement involving the vena magna 
galem and the smus rectus, by the association with caput 
succedaneum, by the association of subependymal haemo- 
rrhages with clusters of compound granule cells m areas o 
rarefaction and with perivascular crescents IntraCTam 
haemorrhage and traumatic necrosis are also responsible to 
the majority of cases of encephaloclastic porencepnaiy 

(Jakovlev, 1941) (=pseudoporencephaly=central porence- 
phaly = cystic degeneration of brain) (Benda, 1945), an 
Vogt’s status marmoratus of basal ganglia Encephaloc 
porencephaly is much more common than true developm 
porencephaly (Fig 3) 

At this stage of the post-mortem examination, kemicterm 

can often be diagnosed The beautiful golden-j^llow -tfogy 

discoloration of the thalamus and corp^ smatum. csiwj y 
of the circular cut surface of the tail of the caudate nuck 
are striking findings These are, however, not the mos 
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frequent localizations Kcmicterus may be present without 
discoloration of the thalamus and corpus striatum The 
examination of the nucleus ruber, corpus luysi and inferior 
olives is, however, better postponed until the brain has been 
properly fixed, otherwise no satisfactory histological examina- 
tion can be performed. It is also worth mentioning that 
removal of any blood from the cut surfaces of the brain 
should be done with a clean dry knife, and never with running 
water The latter procedure produces marked changes in 
the nerve cells, and the demonstration of intracellular neuro- 
fibrils is rendered impossible (Nissl’s “ Wasserschaden ) 
After 34 days’ fixation the brain is dissected by coronal 
sections into a senes of shoes about 5 mm. in thickness 
The important nucleus ruber is best seen in the section just 
anteriorly to the supenor corpora quadngemina Material 
should always be set aside for paraffin and for frozen sections 
Fixation of the whole brain before any dissection has been 
performed is often advisable, while injection of formol saline 
into the internal carotid 12-24 hours before the post-mortem 
examination is only exceptionally justified in the neonatal 
penod. 

Kemicterus is in the vast majority of cases due to icterus 
gravis neonatorum Three cases of kemicterus without 
haemolytic disease, reported in the pre-Rh era, have been 
recently questioned (Gilmour, 1944) The writer saw one 
case of kemicterus in which haemolytic disease of the newborn 
was excluded by haematological and serological investigations 
In addition, in one case with haemorrhagic necroses of the 
liver, histological changes were found in the brain of the same 
type as m kemicterus From these observations, based on 
the histological study of a dozen cases with kemicterus and 
haematological findings, the conclusion was reached that 
kemicterus is a hepatogenic encephalopathy, the hepatic 
disease being m most cases the result of the action of Rh 
antibodies on the cellular antigens of the fiver (Baar, 1945) 
Virchow’s encephalitis mterstitiafis neonatorum is a fairly 
common finding m brains of newborn infants It is not a 
distinct pathogenic entity, as it is found m birtfi-mjury, m 
septic infections, and m haemolytic disease of the newborn 
It is usually recognized on histological examination only 
Sometimes, however, a peculiar greyish-red colour is noticed 
m the white matter, which Virchow compared with that of 
hortensia Histologically, the most marked changes are 
found beneath the ependyma of the posterior horns of the 
lateral ventricles A perivascular crescent in a case of en- 
cephalitis mterstitiafis neonatorum ” is seen in Fig 4 
Purulent leptomeningitis is not uncommon m the neonatal 
period. It is usually caused by B call, more rarely by 
Klebsilla fnedlanden ( Bacillus mucosa) Unusual strains of 
B coh as causafive organism of leptomeningitis were found at 
the Children’s Hospital, Birmingham, on two occasions, once 
a B coh anaerogenes which was posiUve by the methyl-red 
and Voges Proskauer tests, and once a strain which resembled 
biochemically E freundi Associated with purulent lepto- 
meningitis or without it, there may be found a septic 

encephalitis which usually takes a necrotizing-haemorrhagic 

onn. abscess formation being rare „ 

For the findings m the rare Toxoplasma encephalitis ot 
newborn infants, the monograph of Sabin (1942) should be 
consulted. An infective encephalitis of the newborn re- 
sembling toxoplasmosis with coarse subependymal granu- 
lations (Fig 5) fias recently been described by Parsons & 
Baar (1945) 


The spinal cord is often neglected in the post mortem 
examination of the newborn baby It is easily exposed by 
using bone forceps When being removed it should be held 
by the cauda equina or the terminal end of the dura without 
being touched during the whole procedure Epidural haema- 
tomata are found mainly m immature infants, subdural and 
cord haemorrhages m fuli-term infants 

HI NECK, THORAX, AND ABDOMEN 

For the dissection of the neck, the thoracic and abdominal 
organs, only the “en masse” technique, after thorough 
inspection in situ, is advisable The following is a slight 
modification and combination of directions given by Virchow, 
Rokitansky, Ghon and Rossle An antero-median incision 
“Sm the middle of the neck down to the symphysis 
pubis passing to the left; of the umbilicus After die abdominal 
Lvityhas been opened m the whole length of the incision, 
the skm is separated from the deeper structures of the neck 
and the thoracic wall, exposing the nbs and costochondral 
i unctions with their periosteum and perichondrium mtacU 
The peritoneum is now inspected and samples ofanyexudate 
present are taken for bacteriological examination Th 
umbilical vein and arteries are examined, the first by a 
longitudinal slit with small scissors, the latter by aperies of 
cross sections Umb'lical infection, one of the most important 
omcTofTeonatal sepsis, may be present without obvious 
external involvement of the umbilicus Macroscopically- 
SoXable thrombophlebitis umbihcalis is rare although 
. mav be revealed by histological examination (Momso , 
toSf TJmbS arteries may show a purulent periarteritis, 

or TS r of boa.. ■>» ft* » 

th Th^ 1 Str^Smal tract is examined by 

palpation for the SSel^divSiSum or 

terminai P^rus may be found 

Penod before any clinical symptoms 

f Mutation of the duodenum indicates a duodenal 

have arisen Dilatation u nf „ due eldier to true 

.»o»oto 

Td ft. investigation of 
SSSftft. veins If ft. 

transverse mesocolon is dissected f rom the ab- 

insertion, the descending colon is P d the rectum 

dominal wall, the sigmoid mesocolon rsdg«^ The 

freed, transected at the anus and hft« hep3Uca 

dissection is continued downwards from through 

separating ascending colon “ d SKtestme is 

their mesocolon if such be pres~n n mtestlB e divided 
now lifted and the mesentery of ^ upwards 

with scissors from the deo-caecal jun 
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owards the flexura duodeno-jejunahs. The upper end of 
the jejunum is twice ligated and cut between the ligatures 
The sternum is removed by cutting with a cartilage-knife on 
each side approximately midway between the sternum and 
the costochondral junctions from the second rib downwards, 
continuing the incision in an arched way towards the costal 
margin The diaphragm is incised and the sternum is 
separated from the areolar tissue of the anterior mediastinum 
by raising the xyphoid end of the sternum and dissecting 
upwards with a knife as close to the bone as possible The 
cartilages of the first ribs are divided and the sternum is 
finally freed by passing the blade of the knife through the 
stemo-clavicular articulations The pleural cavities are in- 
spected and samples of any exudate are taken for bacterio- 
logical examination A fibrmo-purulent exudate on the 
pulmonary pleura is often found, but larger amounts of free 
exudate are less common Any free exudate is usually a thm, 
turbid, slightly blood-stained fluid Creamy pus is rarely 
met with m the early neonatal period Pleural infections 
are in newborn infants, as at a later age, almost invariably 
secondary to a pulmonary involvement. There is, however, 
evidence of an occasional haematogenous infection of the 
pleura with secondary involvement of the subpleural lymph- 
vessels and lung parenchyma (Macgregor, 1939) 

The tissues of the neck are now extensively exposed by 
passing the knife m a lateral direction between the skin and 
the deeper structures The sternocleidomastoid muscle is 
thoroughly examined for the presence of injury If fibrous 
tissue is seen within the muscle, a piece is taken and histolo- 
gically examined for haemosiderm If a swelling of the 
parotid was noticed on external examination the gland can 
be approached from the incision m the neck and slices can 
be taken for histological and bacteriological examination 
A purulent parotitis is not uncommonly the first, or even 
the only, manifestation of a septic infection in the newborn 
It may perforate into the external auditory meatus 
A pointed knife is now passed upwards in the midline 
between the tongue and the mandible, close to the latter 
The incision is extended laterally and backwards along the 
arch of the mandible and close to the latter down to within 
a few millimetres of the angle After this procedure has 
been carried out on both sides the tongue is pulled forwards 


and downwards beneath the mandible with the aid of forceps 
A pointed knife is inserted m the midline between the hard 
and soft palate, an arched incision is made between these 
two structures and extended sidewards and downwards into 
the wall of the pharynx and the soft tissues of the neck, 
always keeping as far laterally as possible 
This incision being completed on both sides, the knife is 
placed between the posterior wall of the pharynx and the 
spine, the pharynx and the upper part of the oesophagus 
are separated from the latter and pulled downwards and 
forwards, leaving the mam muscles of the neck and the large 
blood-vessels m the body Each lung nt succession is extro- 
verted anteriorly and medially, the dome of the pleura is 
incised and the blood-vessels of the neck are severed as high 
as possible The tongue, with the pharynx and larynx, are 
now firmly seized by the right hand and pulled vigorously 
downwards, thus separating all thoracic organs down to the 
diaphragm Only exceptionally are there such pleural 
adhesions that separation with the help of a knife is necessary 
The spleen is shifted by the left hand away from the ribs, 
and the diaphragm is incised along its insertion A similar 


procedure is carried out on the right side between the Incr 
and the ribs AH abdominal organs together are separated 
from the posterior abdominal wall, and the dissection is 
continued along the wail of the pelvis Finally, the sym 
physis is severed with a cartilage knife, the urethra or vagina is 
severed and the incision is extended backwards and the 
organs are finaUy freed and taken out of the body If, 
however, inspection revealed evidence of malformation of 
the urinary tract, the necessary dissection is m the male 
somewhat laborious, m order to avoid external mutilation 
The prostatic part of the urethra is exposed, held with a 
forceps, traction is exerted, and the urethra with corpus 
spongiosum, corpora cavernosa and glans penis are removed 
by careful dissection, leaving the skm intact The skin can 
subsequently be packed with cotton wool 
The seventh rib is cut with a cartilage knife longitudinally 
and perpendicularly to its surface, a slice of about 1-2 mm 
m thickness is removed, and the costochondral junction is 
inspected for the presence of osteochondritis syphilitica 
The latter is suggested by a broadening and irregularity of 
the provisional calcification zone, which is also more yellow 
and brittle than normal Softening, greyish discoloration, 
grey or yellow areas of soft tissue m the subepiphyseal 
zone, due to proliferation of syphilitic granulation tissue, 
may be found in more advanced cases One should never 
be satisfied with a negative finding m the ribs, but the lower 
end of the femur should also be examined Syphilitic osteo- 
chondritis of the newborn may be associated with juxta- 
epiphyseal periostitis and epiphyseal separation may also 
be found, but confusion with artifacts from sawing has to 
be avoided To avoid this confusion L Pick (1929) recom- 
mends the use of an electric “ band saw ” after freezing of 
the bone In the early neonatal period syphilitic osteo- 
chondritis is always associated with visceral syphilis Rickets 
is not found before the third month of life in full-term infants, 
or before the end of the second month m immature babies 
Congenital rickets has, however, been described by Maxwell, 
Hu & Turnbull (1932) m Chinese babies of osteomalacic 
mothers Early rickets can be recognized on histological 
examination only, and partial decalcification with Mullers 
fluid is very useful for the demonstration of osteoid borders. 


IV EXAMINATION OF VISCERA 

The examination of the organs removed “ en masse ’ is 
now undertaken The soft palate is cut through m the mid- 
line, the pharynx, the epiglottis and the tonsils are inspected, 
and incisions are made into the latter Although rare, 
purulent tonsillitis may be found in the neonatal period 
AH organs are placed on a board m such a way that the 
pathologist faces their posterior aspect The aorta is severe 
above the diaphragm and its posterior wall is incised longi- 
tudinally, extending the incision mto the left subclavian artery 
Any blood is removed, the aorta is washed with running 
water and inspected Attention is to be paid to any ic eri 
discoloration of the mtima, to the orifice of the uucw 
arteriosus, and to the presence or absence of 3 coarc , 
af the aorta, which is usually situated in the level jus 
ar just below this orifice (isthmus stenosis) , . 

Although circulation in the ductus arteriosus ceases aln os 
mmediately after birth (Barclay, Barcroft, Barron & Frank!. n, 
[938 , 1939), the anatomical obliteration is a slo P 
asually commencing at the pulmonary end, and 
only of cases it is not completed until the end of the secona 
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month of life A partial anatomical obliteration is often 
present at the age of 3-4 weeks, and the central part may 
remain open for a long time after the pulmonary and aortic 
ends are obliterated (Jager &. Wollenman, 1 942) Monckeberg 
(1924) accepts a patent ductus arteriosus as pathological 
only if it is found after the age of three months Probing of 
the duct should be postponed until the heart has been dis- 
sected, and is carried out from the pulmonary orifice which 
is seen just above the division into the right and left branches 
The proximal part of the aorta should be inspected for an 
anomalous right subclavian artery (arising from the descend- 
ing aorta and turning upwards and to the right side behind 
or before the oesophagus — dysphagia lusona”) and for 
an aberrant ductus arteriosus (very rare) The aorta is 
separated from the oesophagus and turned over the left main 
bronchus in front of the left lung The oesophagus is 
inspected A saccular dilatation of its upper part indicates 
the presence of an atresia , in the common form the upper 
part forms a wide blind sac, while the lower part is normal 
m width and communicates with the trachea just above the 
bifurcation by a narrow fistula In such a case- each part 
separately is cut longitudinally and a probe is passed from 
the opening at the proximal end of the lower part into the 
trachea and larynx to demonstrate the presence of a fistula 
Other forms of oesophageal atresia are very rare If nothing 
abnormal is seen on external examination of the oesophagus, 
it is slit along its posterior wall from the pharynx downwards 
White patches the size of a pin’s head or, by their con- 
fluence, white membranes of thrush, which are firmly adherent 
to the oesophageal wall, are very common m newborn 
infants The writer does not agree with the view, which has 
gamed ground in recent years, that the thrush produces 
inflammatory changes, but he believes that it is a saprophyte 
growmg readily on tissues either damaged mechanically or 
chemically (HCl of gastric juice) or reduced in their vitality 
by marasmus 

The oesophagus is carefully separated from the trachea, 
after having been severed above the diaphragm, with the help 
of scissors, leaving the paratracheal lymph-nodes and 
parathyroids in situ The lower parathyroids are exposed by 
following the inferior thyroid artery, the upper by careful 
dissection of the tissues between the oesophagus and the 
thyroid. There is much variation in the number and the 
situation of the parathyroids, and they may be embedded 
in the thyroid or, in the case of the upper ones, in the thymus 
ucroscopical haemorrhages and later pigmentation are 
\ery frequent in infantile parathyroids In the postneonatal 
Period, pigmentation is found as frequently in normal infants 
as 111 those with tetany, and there is no relationship between 
parathyroid, haemorrhage of the newborn and tetany of later 
m ancy The rare tetany of the newborn, however, may be 
occasionally caused by massive haemorrhagic destruction of 
parathyroids (Tezner, 1927 , Baar, 1937) The thyroid is 
inspected and mcised. Severe congestion of the thyroid is 
common in asphyxia of the newborn Congenital goitre is 
common in such countries as Styna, and may be occasionally 
ith Cause ot ~ suffocation Complete absence of the thyroid 
yreoaplasia) is the common cause of congenital 
myxoedema ’ 

Respiratory Organs and Thymus 
th f ter , e ' xammatl °n of the tracheo-bronchial lymph-nodes, 
ext tl ? C ? ea 1S s ' !t alon S its posterior wall and the incision is 
nded into the mam bronchi Large amounts of fluid. 


mucus, or muco-purulent exudate, may be found m the 
trachea, which should be examined microscopically for 
elements of liquor ammi The problem of aspiration of 
ammotic fluid as evidence of intra-uterine asphyxia has been 
elucidated by the work of Johnson & Meyer (1925), Farber 
& Sweet (1931), and Macgregor (1939) As early as the 
sixteenth century, Vesalius observed that disturbance of the 
placental circulation in an animal foetus brought about 
definite respiratory movements resulting in aspiration of 
liquor ammi This problem, about which there was much 
controversy, has been clarified by the admirable work of 
Barcroft (1942) Some intra-utenne respiratory movements 
appear to be physiological (Patterson & Farr, 1939), but the 
writer agrees with Macgregor that large amounts of aspirated 
liquor amnn are always evidence of intra-utenne asphyxia 
The resulting inflammatory changes in the bronchial tree 
and in the pulmonary parenchyma may be abacterial, due 
to irritative action of verrux caseosa, and thus comparable 
with the “ physiological ” foreign-body otitis media of the 
newborn Large amounts of ammotic fluid may prevent 
expansion of the lungs, and accumulation of mucus as a 
result of irritation may produce a secondary obstruction 
The inspection of the pleurae frequently reveals pm-head- 
sized, sometimes hempseed- to lentil-sized (2-4 mm ], 
subpleural haemorrhages In the examination of the lungs, 
which are incised by any of the routine methods, there are 
great difficulties m the differentiation of atelectasis, pneu- 
monia and massive haemorrhage, and a final opinion should be 
given only after histological examination Atelectatic lungs 
are purplish-red in colour and fleshy m consistency, con- 
trasting with the pale pink aerated areas which are mainly 
localized in the anterior parts of upper lobes In the presence 
of aerated areas in the lungs of still-bom infants, the possi- 
bility of artificial respiration has always to be taken into 
account Diffuse pneumonic changes can easily be confused 
with collapsed parenchyma, but patchy pneumonic areas are 
often felt as areas of firmer consistency even in collapsed lungs, 
and may be seen to project slightly on the cut surface Massive 
haemorrhage and haemorrhagic pneumoma are very similar 
on palpation and macroscopic examination The former, 
however, is usually more extensive, but it should be remem- 
bered that pneumonic changes occur often secondarily in 
areas of massive haemorrhage Histological examination 
will usually enable the distinction to be made IntersUUal 
emphysema, sometimes very marked in newborn infants, is 
always evidence of inflammatory changes or of obstruction, 
being the result of alveolar rupture Histological examination 
of the lungs of newborn infants reveals a surprising frequency 
of inflammatory changes Microscopical examination is also 
necessary to differenuate “initial” from “resorptive” 
atelectasis, and for the demonstration of anatomical im- 
maturity of lungs (Farber & Wilson, 1933 , Wilson & Farber 
1933) Lungs with initial atelectasis show a “ glandular ” 
appearance, with tubules of cubical epithelium lining a slit- 
like lumen, in contradistinction to resorptive atelectasis, 
where the lining is a flattened epithelium. If the initial 
atelectasis is incomplete (partial aeraUon) the lumen is wider 
and more saccular m shape, but the lining is still cub'cal. 
Atelectasis, especially resorptive, is always associated with 
engorgement of the capillaries of interalveolar septa (Fig. 6, 

7) In the lungs of immature infants clusters or masses of 
cells resembling alveolar epitheha are seen without a trace 
of a lumen (unexpandable areas, Farber &, Wilson, 1933) 
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Pneumonia of the newborn may be due to aspiration of 
amniotic fluid, aspiration of vomited material, aerogenous 
and haematogenous infection The first type is the most 
interesting Cormfied squamous epithelial cells are found in 
the bronchi, bronchioh and air sacs They appear as wavy 
lines or as cells, dome-shaped in the centre and tapermg 
towards both sides Nuclei are usually absent Lanugo 
hairs may also be seen, and occasionally particles of meconium 
recognizable as a yellowish amorphous mass or as greenish- 
yellow spherical or ovoid bodies— Huber’s meconium bodies 
A characteristic feature, though not always present, is the 
“ hyaline membrane ” (Johnson & Meyer, 1925) or “ vernix 
membrane ” (Farber & Sweet, 1931) This is a homogenous 
membrane, pink or bright red m haematoxylm-eosm stained 
sections, lining the bronchioli and alveoh. It resembles the 
hyaline membrane in influenza (Wolbach, 1919), but squamous 
epithelial cells may be seen within the membrane, and Sudan 
stain reveals the presence of fatty material while fibrin is 
absent It results from elements of the vernix caseosa being 
flattened by the entering air or fluid against the walls -Such 
findings may be met with in the absence of pneumonia, or 
inflammatory cells may be present in the alveoh (Fig 8, 
9, 10). 

Haemorrhagic pneumonia is very frequent m the neonatal 
period It often results from aspiration, postnatal more 
frequently than intra-uterme If the necropsy is made some 
time after death, pneumonic areas from aspiration of vomited 
material may assume a brownish colour due to the formation 
of acid haematm from haemoglobin Such areas are not 
to be confused with the soft “ digested ” brown areas due 
to post-mortem changes m unmflamed areas after terminal 
aspiration of gastric contents 

Aerogenous pneumonia is associated with exudative 
bronchitis and cellular alveolar exudate Mural bronchitis 
and peribronchitis are moderate or absent The mam 
localization of aerogenous pneumonia in newborn infants, 
as in later infancy, is m the postero-inferior part of the 
right upper lobe, the part of the lung which has physiologically 
the poorest aeration In marasmic infants of the later neo- 
natal period, paravertebral pneumonia is often found This 
forms thm subpleural strips of consolidated parenchyma m 
the posterior paravertebral parts of both lungs It extends 
usually only a few millimetres beneath the pleura, and the 
differentiation from collapse in these areas is often difficult 

Septic haematogenous infection of the lungs results in 
septic haemorrhagic infarcts, in an infarct pneumonia, 
sometimes in multiple, small, symmetrical abscesses The 
septic haemorrhagic infarcts may resemble aseptic infarcts, 
but there is usually a narrow yellowish demarcation zone 
Empyema of the pleural cavity or fibnno-purulent pleurisy 
is always present in pyaemic infections of the lungs Purulent 
pleurisy of the left side is often associated with fibnno- 
purulent or fibrinous perisplenitis Pneumonia of the 
newborn is sometimes caused by B coh This type of in- 
fection occurs only m the neonatal period (Macgregor, 1939), 
but care is needed m the interpretation of bacteriological 
post-mortem findings, because of the possibility of post- 
mortem invasion of the blood-stream and the tissues from 
the intestine Direct smears and their correlation with 
cultural findings are indispensable 

Tuberculous infection of the lungs is only exceptionally 
met with in the neonatal period, but congenital transplacental 
tuberculosis with a typical primary complex in the liver 


(Fig 13) may be associated with a simultaneous infection 
of lungs via the ductus venosus, and results in the formation 
of a (usually progressive and cavitatmg) pulmonary complex 
m addition to that in the liver. 

A primary inhalation tuberculosis is only exceptionally 
discovered m the post-mortem examination of newborn 
infants in the absence of caseation The early primary focus 
may resemble an unspecific consolidation, although usually 
it is more sharply demarcated Histological examination 
reveals a mononuclear infiltration of the interalveolar septs, 
and mononuclear exudate m the alveoli with acid- and 
alcohol-fast bacilli (Pagel & Price, 1943) Exceptionally, 
the exudate is polymorphonuclear or shows microscopical 
caseation (Zarfl, 1912 , Beitzke, 1930) Such lesions are 
likely to remain unrecognized unless attention has been drawn 
to such a possibility by the clinical history 
Syphilitic pneumonia alba is extremely rare in live-born 
infants, but not uncommon m syphilitic still-births 
The anterior mediastinum and the thymus are inspected 
and the latter is incised for the presence of “Dubois’ 
abscesses ” Hyperplasia of the thymus is more often 
diagnosed than really present Weights up to 20 and probably 
25 g should be considered as normal m the neonatal period 
A definite hyperplasia of the thymus, associated with general 
hyperplasia of the lymphadenoid tissue, is evidence of an 
abnormal constitution, but is never the cause of death, 
and the existence of a thymic stridor or thymic asthma is 
not supported by post-mortem examinations 


Heart, Pericardium, and Vessels 

The pericardial sac is opened and the pericardium, epi- 
cardium, heart, aorta and pulmonary artery are thoroughly 
inspected Subepicardial haemorrhages, “ taches du Tar- 
dieu,” are not pathognomonic of asphyxia, since punctate 
subepicardial haemorrhages also occur m septic conditions 
and in haemolytic and haemorrhagic disease of the new- 
born Streak-like subepicardial and myocardial haemorrhages 
are, however, very suggestive of asphyxia Fibrmo-pumlent 
pericarditis associated with mediastimtis is occasionally 
seen m the later neonatal period as a sequel of purulent 
pleurisy The size of the heart m a newborn infant, as later, 
is approximately that of its clenched fist 

The necessity for special technique in the examination of 
each organ applies particularly to the heart Especially m 
the various forms of transposition of great vessels, the most 
suitable technique has to be considered thoroughly before 
starting with the dissection The discussion of the pathology 
of congenital heart disease is beyond the scope of the presen 
paper, and the monograph and atlas of Abbott (1927, 1 i >, 
the monograph of Monckeberg (1924), and the pap e * s ® 
Spitzer (1923) and of Harris & Farber (1939) should be 
consulted for this purpose 

If there appears to be no necessity for a special techmq . 
Rokitansky’s method, slightly modified, has prove m 
satisfactory In this method the heart is grasped with w 
left hand around its right border, an incision is ; made wi 
pointed knife into the lower end of the left border of 
ventricle, the ventricle is opened and all clots arerem ed* 
The knife is then passed through the mitral onto to 
point where the left pulmonary veins jomtheleftaun 
and the incision is extended, thus exposing ^ fcft £»«■ n 
and auricle Further clots are removed, the 
washed with running water, and gently dried with a P 
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The chambers and the mitral valve can now be inspected 
Tiny blackish nodules in the mitral valve, the so-caiica 
valvular haematomata or valvular angiomata, are not un- 
common in the neonatal period They arc remnants o c 
embryonic vascularization of the valve, and arc Wl ° 
pathological significance The heart is now grasped wit e 
left hand around the left ventricle, and an incision is ma ^ c 
into the right border of the right ventricle With the e p 
of long scissors this incision is extended into the superior 

vena cava , , 

After having been cleaned, the chambers of the rign si e 
and the tricuspid valve can be inspected Thin threads in 
the right auricle, “the network of Chian,” are a deve op- 
mental abnormality without pathological significance e 
foramen ovale shows in the majority of cases a valvu ar 
patency only A crescentic patency in the antero inferior 
part 1-2 mm. m width is, however, within the limits 0 
normal In determining whether the patency is pathologica 
or not, the presence of an enlargement of the heart is more 
important than the size of the opening 
The heart is now placed in such a way that the pathologis 
faces the pulmonary artery Scissors are passed into the 
artery and an incision is made along its left (really anterior) 
margin The pulmonary conus, valve and artery are in 
spected, and if necessary a probe is passed into the ductus 
arteriosus The aorta is next examined by passing the 
scissors behind the anterior cusp of the mitral valve, so that 
m opening the aorta the pulmonary artery is cut just above 
its valve The three cusps of the aortic valve are now seen 
the anterior m the middle, the right and left with their 
coronary ostia on each side A bicuspid aortic valve is not 
a very uncommon finding Such a valve has to be examined 
histologically to decide whether the condition is develop- 
mental or inflammatory Special attention is to be pai to 
the pars membranacea of the interventricular septum, where 
patency is comparatively frequent Large or small openings 
may be found m any part of the interventricular septum, 
those at the lower end being often small and easily over 
looked It would be erroneous to consider every heart disease 
m a newborn infant as a developmental error, because 
endocarditis, although rare, certainly does occur A mar e 
hypertrophy without developmental errors or foetal endo- 
narditis is very suggestive of cardiomegalia glycogemca, 
which may occur without glycogen storage m the liver n 
such case, a piece of tissue is taken for quanUtative glycogen 
estimation and another to be fixed in Lison’s (1936) modih- 
eation of Bourn’s fluid (8 5 cm 3 dioxane saturated with picric 
ac| d , 1 cm 1 concentrated formaldehyde solution , 0 5 cm 
facial acetic acid) for Best’s carmine stain Sometimes a 
hypertrophy of the heart of obscure origin is encountere 
m the neonatal period, the so-called idiopathic hypertrop y 
°f the heart in the newborn, and rarely an enlargement o 
•he heart is due to a rhabdomyoma 


Stomach, Liver and Bile-ducts, Spleen 

The examination of the abdominal organs is started with 
the opening of the stomach by an incision in the anterior 
" a H Parallel to the greater curvature , the incision is extende 
into the duodenum Peptic gastric or duodenal ulcers occur 
m the early neonatal period and in marasmic babies in later 
infancy, and may be the cause of melaena neonatorum The 
Pllorus m congenital hypertrophic pyloric stenosis is hard. 


feels like cartilage, and shows a marked thickening of the 
wall the hypertrophic muscular coat being conspicuous by 
lts arevish- white colour The normal thickness of the pyloric 
wall is 1 5-'’ mm In pyloric stenosis it is usually 3 5-7 mm 
'ill ffgure 3‘ 5 mm as the upper limit of the normal given by 
oMtVir\rc in the writer s experience, too high A 
hypertrophy of the body of the stomach was seen by the 

” S S S S l e°S’“=SS b, man... pte f ote 
n n the eall bladder and by probing common bile-duct from 
° n of vater A P^be can also be passed into the 

the papilla nrocedure is not advisable because, 

than normal , »viiHrpn Onlv exceptionally 

It should be suspected m all cases oi m cases 

S Zi "brnnemectases. s»pp«r,« P«— ““ 
neribronch.al abscesses, which is common m later infancy, 

green and show? green dots separated by 

granular The cut s ussue> the stnmds forming a 

strands and spots o gr > ' simllar appea rance may be 

network in many P ,a “~\ f extra h ep atic bile-ducts (Parsons 

found without obhterationf^ ^P^ clrrhosls (Rossle s 

& Hickmans, 19-6) the neonatal period 

cholangiuc biliary cur osi^ ^ usuaUy does not present the 

On htstological Mainm tl nlob ^ ar „ c y irrhosls> but shows a 
features of a pure P the m dividual lobuh 

marked mgrowth of fibrotis t^ue m distorUon of ^ 

In infants survivmg for a J* * bIe that 

hepatm 1 Xom niy aJso be 

seen in syphihtic hepaU neonat0 rum m mfants 

found as a ^V wS wanls with icterus gravis 
surviving for some i r ic either green or 

rewfsh^rowii^moderately^fiian, an^on sKtion 

erythrocytes In livers of normal M -terrn babi ^ ^ ^ 
occasional haematopoieuc focus b i seen d m2y ^ 

unmature infant dying in the earlv neonatal pe^ cxcept 
indistinguishable from that in h^moly (Fig . 11} 

for the marked haemosiderosism snu ll areas of 

h,le-cnnillanes, bile-thrombi anu smou 
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necrosis or necrobiosis are not uncommonly seen m icterus 
gravis 

The liver in Pepper’s type of congenital sympathicoblastoma 
has a very characteristic appearance It is enormously 
enlarged and studded with lentil- to pea-sized [2-4 mm ] 
greyish-white or yellowish nodules, some of which show 
haemorrhagic areas 

The liver in congenital syphilis is enlarged, firm, reddish- 
brown or greyish-red, only exceptionally greenish On 
section, all traces of lobular structure have disappeared 
and are replaced by irregular spots and strands of reddish- 
brown, grey and pinkish-grey tissue An association of this 
diffuse syphilitic hepatitis with miliary granulomata is not 
uncommon, but the latter (erroneously called miliary 
gummata) are never seen without diffuse hepatitis The 
characteristic histological findings need not be discussed 
here Smears for Fontana’s stain should be always made 
in addition to Levaditi’s stain m sections Miliary non- 
syphilitic necroses of the liver are rare, but occur almost 
exclusively in young infants, the liver being studded with 
millet-sized [1 5-2 mm ] yellowish nodules which are visible 
both on surface and on section, where they often show a 
central depression (Fig 12) Their pathogenesis is obscure, 
although they are usually associated with severe enteritis or 
with umbilical sepsis Similar necroses were described m 
infantile toxoplasmosis, and were seen by Parsons & Baar 
(1945) in one of their cases of infective encephalitis resembling 
toxoplasmosis 

A typical primary tuberculous complex of the liver in con- 
genital transplacental tuberculosis is shown in Fig 13 
Glycogen-storage disease (van Creveld-Gierke’s disease) 
should be suspected when a very large liver without charac- 
teristic naked-eye appearance is found in the absence of a 
splenic tumour Apart from investigations for glycogen, the 
speed of glycogenolysis should be determined Blood-sugar 
estimations are of value only if the necropsy is made shortly 
after death, and only blood from the left side of the heart 
should be used, never that from the right 
Marked fatty changes in the liver may be found as early 
as 24 hours after birth 

The hgamentum hepato-duodenale is now inspected, and 
the portal vein is opened for the presence of thrombosis 
The spleen is enlarged m septic conditions of the newborn, 
but a typical acute splenic tumour with diffluent pulp is 
never seen Large hard splenic tumours are seen in syphilis, 
m congenital tuberculosis, in biliary cirrhosis, in haemolytic 
disease of the newborn, in congenital leukaemia and, par- 


ticularly large, in Niemann-Pick’s disease and the infantile 
form of Gaucher’s disease In sphyngomyelin lipoidosis 
(Niemann-Pick's disease), the liver is also considerably 
enlarged, and the enormous spleen shows on its cut surface 
a peculiar salmon-pink colour, sometimes with areas of 
more greyish-pink colour Tissue should be taken for 
paraffin sections, for frozen sections and for lipid analysis 
(which alone enables a definite diagnosis to be made) 
Hodgkin’s disease is extremely rare in the neonatal period, 
but a case of congenital Hodgkin’s disease as the result of 
transplacental transmission has been described by Priesel & 
Wmkelbauer (1926) The spleen is the only organ with an 
absolutely characteristic naked-eye appearance It has the 
features of a “ porphyry spleen ” , . , 

The abdominal aorta and inferior vena cava aredissected 
and examined Thrombosis of the abdominal aorta m the 


neonatal period associated with anaemic infarction of the 
liver has been described by Morrison (1945) Thrombi m 
the inferior vena cava are not rare 


Suprarenal Glands 

The pathology of the suprarenal glands is of great im- 
portance in the neonatal period Haemorrhages of the supra- 
renal are not uncommon as the result of birth-injury, but 
the writer has never seen the Waterhouse-Friderichsen syn- 
drome resulting from septic infections in the neonatal period 
Haemorrhages of the suprarenals should not be confused 
with the physiological hyperaemia (sometimes erroneously 
called physiological haemorrhage) of the inner zone of the 
cortex and its post-mortem softening Small haemorrhages 
are often found on histological examination Even large 
haemorrhages may be compatible with life, and on two 
occasions the writer has observed, as an incidental finding 
in older children, extensive destruction, calcification and 
deposition of haemosiderm m both adrenals, leaving only 
about one-fourth to one-third of suprarenal tissue intact 
Suprarenal haemorrhage of the newborn is almost invariably 
associated with intracranial haemorrhages, and is supposed 
to be the result of asphyxial congestion 

Hyperplasia of the suprarenals is m the newborn female 
always associated with pseudohermaphroditism The ex- 
ternal genitalia are of the male type, the internal — except 
for occasional ovotestes (Broster, Clifford, Vines, Patterson, 
Greenwood, Marrian & Butler, 1938) — normal female 
In the rare cases of suprarenal hyperplasia with male gonads 
there is no pseudo-hermaphroditism The prostate is 
enlarged, the testes are normal Although in later childhood 
interrenal pseudo-hermaphroditism is always associated with 
precocious growth and ossification, the writer has failed to 
find any increase m length or premature ossification centres 
in newborn pseudo-hermaphrodites with suprarenal hyper- 
plasia Adrenal hyperplasia in young babies dying with 
symptoms of eastrc-mtestinal stenosis has been described by 
Dykhuizen &Behr (1940) Two cases of this type were seen 
at the Children’s Hospital, Birmingham, both having been 
sent to the hospital with the diagnosis of pyloric stenosis 
In normal newborn infants, the suprarenal is about one- 
third of the kidney’s size In hyperplasia it is not only 
considerably enlarged but also more firm, and its sur ace 
shows numerous deep furrows Sections of suprarena s 
should be stained in such cases by the method of mes 
(1938), although it is still debatable whether the fucbsinoptiu 
granules are the site of androgenic hormone 

Sympathicoblastoma of the suprarenal in the newborn 
infant has already been briefly discussed A case of apparent y 
primarily multiple neuroblastomata (= sympathicoblastoma;, 
ganglioneuromata and neurofibromata in a still-born m 
has been described by Potter & Parish (1942) 


Urinary Organs 

The kidneys of the newborn infant show marked rfo^ 1 
obulation, and in infants more than two days old me so 
: ailed “uric acid infarcts ” (Virchow) are often seen * 
;olden-yellow radiating streaks in the renal pyrami' ds : J 
nechamsm of their formation is still obscure, but dehydrauo 
ertamly plays an important role (Czerny & Keller 
n the late neonatal period and in later infancy, de ay . 
5 associated with urate concretions in the renal P e ^ es ' J % 
,f uric acid infarcts Renal calcinosis, which may 
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occasionally seen in the later neonatal period, is in its milder 
degrees only microscopically recognizable In more advanced 
cases dry, white, chalky streaks and spots are seen on naked- 
eye examination , these are due to lime casts and calcium 
deposition m necrotic epitheha They are usually associated 
with severe diarrhoea and are, in the writer’s opinion, 
secondary to the loss of bases necessitating the use of calcium 
for neutralization purposes Severe renal calcinosis may be 
the cause of uraemia Extreme hypoplasia of both kidneys 
is another cause of uraemia in the neonatal period The 
size of such a kidney may be that of a bean [12-14 x 4-5 mm ] 
Focal scarring of kidneys with depressions resembling 
arteriosclerotic depressions has been seen on one occasion 
as a result of intra partum haemorrhage Haemorrhagic 
infarction of kidneys, total or partial, is not uncommon in 
the neonatal period, and is the result of thrombosis of renal 
vein If the mam vein is involved, the thrombus may 
extend into the inferior vena cava, or a thrombus may be 
seen projecting out of the renal vein into the latter Con- 
genital hydronephrosis and hydroureter are only in a minority 
of cases due to an organic obstruction, and the majority have 
not yet been satisfactorily explained, although partial 
gigantism or achalasia of sphincters have been suggested 
The latter explanation is more probable, especially in cases 
with marked hypertrophy of the wall of the urinary bladder 
Secondary infection resulting in pyonephrosis may be seen 
m the neonatal period 

Endothelial proliferation and hyalmization m arterioles 
and glomeruli (Fig 14), proliferation in the parietal layer of 
fiowman’s capsule and fusion with the tuft are frequently 
found in kidneys of newborn infants (“ congenital glomerulo- 
sclerosis ”) (Herxheimer, 1909 , Friedman, Grayzel & 
Lederer, 1942) They are focal m distribution, usually very 
scanty, disappear m early childhood, and are probably in 
the majority of cases without pathological significance 
(P developmental m origin) It is difficult to correlate these 
findings with the physiological albuminuria of the newborn, 
and more likely that the latter is due to the changes in the 
epithelium of the visceral layer of Bowman’s capsule, 
described by Gruenwald & Popper (1940) 

A Wilms’ tumour may be congemtal The youngest baby 
from which a specimen of Wilms’ nephroblastoma has been 
examined by the writer was 6 weeks old 

Haemorrhagic glomerulonephritis has been seen on a few 
occasions m newborn babies of mothers suffering from 
eclampsia gravidarum 

Haemorrhagic or gangrenous cystitis is often seen m infants 
with rectovesical fistula, and is usually associated with uni- 
lateral or bilateral pyelonephritis A urachus cyst interfering 
with the contractions of the bladder was apparently the cause 
of urinary stagnation, infection, and pyelonephnhs m one 
ease observed at the Children’s Hospital, Birmingham 

Gross malformation of the genitalia is occasionally 
associated with malformation of the urinary tract Folli- 
cular cysts of the ovary are comparatively often found 
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Intestine 

The intestine is dissected with scissors from the rectum 
upwards to the caecum, the scissors are passed through the 
lleo-caecal valve, and the small intestine is dissected along 
its mesenteric insertion The contents of the intestine are 
thoroughly inspected Those of the large intestine give often 
the only evidence of the presence of an “ enteritis ” An 
interesting condition of the early neonatal period is the me- 
conium ileus, which is almost mvanably associated with 
cystic fibrosis of the pancreas It was first described by 
Landstemer (1905) The large intestine is collapsed and 
almost empty, and a plug of pale inspissated meconium is 
found blocking the lleo-caecal valve Similar material, 
which has been well compared with putty, is found in the 
small intestine Occasionally, however, only the lower part 
of the small intestine contains this material, while green soft 
meconium may be found in the upper part These babies 
die of a diffuse peritonitis 

Blood or blood-stained meconium may be found m the 
intestine in haemorrhagic disease of the newborn Ulcers, 
mainly duodenal, are found only in a few children who have 
suffered from intestinal bleeding The haemorrhage is 
usually parenchymatous and is often associated with sub- 
mucous haemorrhages Some authors, however, have 
reported the frequent finding of tiny ulcers on microscopical 
examination 

Diarrhoea of the early neonatal period is more often 
associated with anatomical changes in the intestine than is 
the case in later infancy It may be haemorrhagic or 
ulcerative “ Transmigration ” or “ permeation ” peritonitis 
is not uncommonly associated with this type of enteritis, 
and may occur even in an enteritis without gross anatomical 
changes of the intestinal wall It is interesting evidence of 
the immaturity of the neonatal intestine Haemorrhagic and 
ulcerative enteritis of the later neonatal period is sometimes 
associated with intestinal pneumatosis (intestinal emphysema) 
In this condition, innumerable tiny air-vesicles are seen in the 
intestinal wall, which on palpation gives a feehng similar 
to that of an aerated lung Previously considered as a post- 
mortem phenomenon, it is now recognized by the majority 
of authors as an intravital change On histological examina- 
tion, the vesicles are usually found in the conum mucosae 
and in the submucosa Bacteria are not seen in the sur- 
rounding tissue, and in the majority of cases there are no 
inflammatory changes The condition is probably due to a 
mechanical pushing of air through the damaged mucosa by 
intestinal peristalsis 

In the majority of cases with fatal diarrhoea, in the neonatal 
period as well as in later infancy, the anatomical and 
bacteriological findings are negative, except for the frequent 
fatty degeneration of the liver, and, in spite of the enormous 
amount of work which has been done to elucidate this most 
important problem, the pathologist remains puzzled and 
dissatisfied 
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Inheritance of the Blood-Groups 

Since Lands temer’s discovery of the ABO blood-groups at 
the beginning of this century a great deal has been learnt 
about the inheritance of blood-group antigens, but almost 
nothing about the inheritance of blood-group antibodies 
It is still a matter of conjecture why a person who possesses 
antigen A has anti-B m his serum The reciprocal arrange- 
ment of antigens and antibodies is found as a rule only in 
the ABO groups, but is not complete in this system, for AB 


arsons very rarely have anti-0 in their serum, and the 
ubgroup antibodies are not regular m their appearance 
'or example, it is only one in three A 2 B persons who has 
1 (anti-Ai) in his serum This is in such a sharp contrast 
nth the regularity of the appearance of the antigens as to 
uggest that either the presence of antibodies is not wholly 
enetically determined, or, if it is, that the mechanism o 
lheritance is of a more complicated nature than that con 
•oiling the antigens 

The antibodies corresponding to the other blood-gr p 
ntigens seldom occur naturally For example, a person 
f group N very rarely has antx-M in his serum Even more 
irely has an M person anti-N Anti-P is only occasional y 
iund in blood lacking that antigen, and as far as I am awa 
ati-Rh has not been proved to occur naturally 

It may be said, rather loosely, that all blood-group an g 
:e dominant mendehan characters-m iWP«jt of 
Uiivalent antibody Several of them are better descr bea 
/ the genetical term “ intermediate characters , s n 
ascription of a character as a d o™nant means tha 
jses of the gene responsible (in the homo^gote) have^ 
Feet indistinguishable from that resulting j d 

; the gene (in the heterozygote) * £ ca* 

genes there is quite a marked g su bstance 

ythrocytes of an N (NN) person contain m ^ 

In do those ofanMN person 
ins effect is also marked in the case of the Rh g 
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Taylor, Boorman & Dodd, 1943), and C’ (Race, Mourant & 
Callender, 1946), and e (Mourant, 1945) It is perhaps wiser 
to avoid the terms dominant and recessive in referring to the 
blood-group antigens, for these terms are relative to the 
available antibodies For example, if only the Rh antibody 
anu-C was known, then the C antigen would appear to be 
dominant to c, whereas if only anti-c was known then c 
would appear dominant to C (Fisher’s notation for the 
Rh antigens here used is explained below ) 

As a general rule it seems that a blood-group gene produces 
an antigen, and this antigen is capable, under favourable 
circumstances, of inducing its specific antibody But there 
are examples of overlapping in the antigenic powers of the 
end-product of gene action The gene A 2 , for example, 
produces the antigen A 2 , while the gene A x produces the 
antigen A 2 (Landsteiner & Levine, 1930) Yet the antigen 
A x reacts with two different antibodies a and cq, while the 
antigen A 2 reacts only with the former of these The Rh gene 
C' produces the antigen C”, and the gene C produces the 
antigen C , yet the antigen C is capable of mducing the 
formation of the antibodies anti-C and anti-C’ (Race, 
Mourant & Callender, unpublished observations) The 
understanding of such anomalies may have to await greater 
knowledge of the substances mvolyed Fundamental bio- 
chemical knowledge in this field, as Morgan (1944) pointed 
out in these columns, is at present very slight 

Immunization 

The stimulation of blood-group antibodies in the circula- 
tion of a person lacking the equivalent antigen can occur in 
two ways ( 1 ) A man, or a woman, may become sensitized 
by the transfiision of blood containing an antigen which they 
lack , (u) a woman may become sensitized when pregnant 
with a foetus which has an antigen, inherited from the father, 
which she herself does not possess Several of the immune 
antibodies to be described have resulted from both processes 

Dienst, m 1905, suggested that a mother might be immu- 
nized by the blood of her foetus and that this process might 
be a cause of toxaemia of pregnancy Ottenberg was 
attracted by the same idea, and m 1923 further suggested 
that jaundice of the newborn might be due to “ accidental 
placental transfusion of incompatible blood ” 

It was not until 1939 that immunization of a mother by 
a foetal erythrocyte antigen was proved to occur, when 
Levine & Stetson descnbed a case of stillbirth complicated 
by maternal loss of blood The mother (group O) was 
transfused with her husband’s blood (group O) The trans- 
fusion was followed by a severe but not fatal reaction Later 
an antibody was found in the mother’s serum which 
agglutinated the cells of her husband and those of 83 out of 
104 group O donors Levine & Stetson concluded that the 
antigen responsible had been present m the foetus, inherited 
from the father, and had stimulated the formation of the 
equivalent antibody m the mother On receiving the trans- 
fusion the mother’s antibody had reacted with her husband’s 
cells carry mg the antigen A year later, when Lands temer & 
Wiener (1940) had announced their discovery of the Rh 
groups, the antibody found by Levine & Stetson was iden- 
tified as anti-Rh Early m 1941 Levine, Katzin & Burnham 
croonstrated the causal relationship between the Rh groups 
and erythroblastosis foetalis 

A single transfusion of blood containing a given antigen 
may suffice to immunize a recipient lacking that antigen, but 


more than one pregnancy is generally necessary before a 
woman becomes immunized by a foetal antigen, at any rate 
if the antigen is Rh The various blood-group antigens will 
be discussed individually 

The Species Antigens 

Several reports of 17th century transfusions (Wiener, 1943) 
describe symptoms due to the incompatible blood which had 
been given Human recipients were given blood from Iambs 
or sheep The urine “ black as soot ” passed by the recipients 
was evidence of the effect of species agglutinins on the 
transfused blood Had the claim of Mary Tofts, in the early 
18th century (Sutton, 1943), that she gave birth to rabbits, 
not been discredited, one might have looked to her offspring 
for examples of haemolytic disease of the newborn due to 
species agglutinins 

The Antigens of the ABO System 

The transfusion of blood containing the antigens A or B 
to patients whose serum contains anti-A or anti-B usually 
results in a severe reaction, often m a fatal one Boorman, 
Dodd & Molhson (1945) have recently reported five such 
incompatible transfusions 

Iso-immunization to the ABO groups occurs in pregnancy 
If a foetus has the antigen A or B, not possessed by the 
mother, then the titre of maternal anti-A or anti-B is increased. 
This was first demonstrated by Jonsson (1936) and has been 
confirmed by Smith (1945) The latter author demonstrated 
that in such “ heterospecific ” pregnancies the expected rise 
in titre of maternal agglutinins does not occur if the child 
is a non-secretor (that is, if the saliva of the child contains 
no A or B substance) In spite of this frequent immuniza- 
tion, haemolytic disease due to maternal anti-A or anti-B is 
almost unknown. The reasons for the protection enjoyed 
by foetal cells against these antibodies have been studied by 
Tovey (1945), who considers that several factors are involved, 
such as lack of placental permeability to anti-A and anti-B, 
neutralization of these antibodies by A or B substance in 
foetal plasma, lack of sensitivity of the foetal erythrocytes, 
and diminished activity of anti-A and anti-B at body- 
temperature 

FIG I HAEMOLYTIC DISEASE DUE TO ANTI A 
(from Aubert, Cochrane & Ellis, 1945) 

A B 

cde/cde cde/cde 

□ I O 

ANTI-A+++ 



A 

cde/cde 
ANTI-A + 

In this and the following pedigrees haemolytic disease cf the new 
born is indicated by a solid square (male) or circle (female) 
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Aubert, Cochrane & Ellis (1945) have reported a case of 
hydrops foetahs, which they attribute to maternal anti-A 
agglutinin This is the only convincing example yet published 
of haemolytic disease caused by the ABO blood groups 
(Fig 1) 

The mother’s serum contained a phenomenally large 
amount of anti-A (titre 1/16 million) and, what is particularly 
significant, although the baby was group A, it had strong 
anti-A m its serum (titre 1/128) 

The Sub-groups of A 

The possibility that a recipient of group A a may occa- 
sionally make a t when transfused with cells is considered 
by Wiener (1 941) As far as I am aware no conclusive evidence 
has been produced showing that a x has caused either a 
transfusion reaction or haemolytic disease of the newborn 

The Antigens M and N 

The presence of anti-M in the serum of a person of group N 
has been reported on about a dozen occasions The majority 
of these antibodies were considered to be “ naturally 
occurring ” rather than immune Wiener, however, describes 
anti-M in the serum of a patient of group N, thought to have 
been produced m response to a transfusion of M blood 
As far as I know the only well authenticated case of anti-M 
causing a transfusion reaction is that of Broman (1944) 

Singer (1943) described the first human anti-N agglutinin. 
It was found m the serum of a patient of group M who had 
been transfused with N blood (both donor and recipient were 
Rh positive) A reaction followed subsequent transfusion of 
N blood, but several pints of M blood were well tolerated 

A strong anti-N has recently been produced by a patient 
of group M who has shown remarkable powers of making 
antibodies (Callender & Race, 1946) The anti-N appeared 
in response to a series of very small (about 0 1 cm 3 ) intra- 
venous injections of N blood In this case no anti-N was 
to be found in any of the very numerous samples of serum 
taken before the immunization As far as I am aware 
neither antx-M nor anti-N has been blamed for haemolytic 
disease 


The Antigen P 

Wiener & Unger (1944) reported anti-P agglutinin in the 
serum of a P negative patient These authors considered 
that the antibody was made m response to transfusion We 
have in our records five cases of anti-P agglutinin m human 
beings, but in none was there any good evidence of the 
antibody being other than “ naturally occurring ” 

The Rh Antigens 

Before discussing disease caused by the Rh groups it is 
necessary to give some key to this complicated system of 
antigens and antibodies The Rh groups were last reviewed 
in these columns two years ago (Taylor & Race, 1944) Since 
that time several new facts have been disclosed and our 
understanding of the rather bewildering interaction of 
antigens and antibodies has been greatly helped by the ideas 
of Professor R A Fisher (Race, 1944 , Fisher & Race, 
1946) Briefly, Fisher, noticing the mutually antithetical 
reactions of two of the four types of sera known at the end 
of 1943 (Race, Taylor, Cappell & McFarlane, 1944), that is 
to say the 80% and 70% serum (Table I), supposed that 
these two sera were reacting with allelic antigens One of 
these antigens Fisher called C and the other c The two 
remaining antibodies did not give antithetical reactions, so 
the antigens which they recognized were not allelic to each 
other, though each presumably had an allele The antigen 
reactmg with the 85 % serum was called D and that with the 
30% serum E, and their hypothetical alleles were called 
d and e Fisher pictured three closely-linked loci, each with 
two alleles, as responsible for the Rh groups, instead of one 
locus with seven alleles, as had previously been supposed 
As an individual has two of each of the 24 different human 
chromosomes, he will have two of the Rh chromosomes, 
either of which may carry any combination of the three 
alternative pairs For example, a person may receive CDe 
from one parent and cde from the other This combination 
CDe/cde is the most frequent one m persons of Western 
European stock Fisher’s theory made several Predictions 
which are gradually being confirmed, most notably by m 


TABLE I RH ANTIGENS AND ANTIBODIES (Race, Mourant & Callender, 

ANTIBODIES GENES AND ANTIGENS 


1946) 


GENES AND ANTIGENS 
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discovery by Mourant (1945) of the predicted anti-e serum 
Recently a third allele at the C-c locus, called C", has been 
found (Callender, Race & Payho?, 1945 , Race, Mourant & 

Callender, 1946) 

FIG 2. HAEMOLYTIC DISEASE DUE TO ANT1-D HOMOZYGOUS 

FATHER 
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The Rh Antigen C 
Pure anti-C might be expected 
as a result of transfusing 
cDE/cde persons with CDe/cde 
blood, or when a woman of 
the former group has a child of 
the latter For some unknown 
reason, however, anti-C has not 
been found except in the mix- 
tures already mentioned 

The Rh Antigen c 
Anti-c was described and its 
reactions were determined in 
1943 by Race, Taylor, Boorman 
& Dodd. It is rare as a cause 


HAEMOLYTIC DISEASE DUE TO ANTI D 
HETEROZYGOUS FATHER 
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Burnham (1941) proved it to be 
the mam cause of haemolytic 
disease of the newborn 
The presence or absence of D 
makes a person Rh positive or 
Rh negative The importance 
of D above other Rh antigens 
depends on its greater efficiency 
in stimulating the production 
of antibody, for anti-D is found 
more frequently than all the 
other Rh antibodies put 
together Since 1940 this anti- 
body must have been proved 
responsible for haemolytic 
disease in many thousands of 
families Fig 2 and 3 show 
two pedigrees from our records, 
the former with a father homo- 
zygous m respect of D, and the 
latter with a father heterozygous 
in this respect Mothers with 
husbands of the Rh groups 
shown in these two figures 
sometimes make anti-D only, 
sometimes anti-D - 1 - anti-C, and 
very occasionally anti-C - 1 - the 
“ incomplete ” or “blocking” 
formofanti-D Frequently the 
“ incomplete ” form of anti-D 
alone is made, and sometimes 
a mixture of anti-D -r “ incom- 
plete ” anti-D The first child, 
or the first two children, are 
nearly always unaffected m a 
family with haemolytic disease 
due to the Rh factor Levine 
(1945) has shown that when 
the first child is affected the 
mother usually has a history of 
past blood transfusion 


of haemolytic disease Fig 5 
shows the pedigree of the St. 
family investigated by McCall 
(McCall, Race & Taylor, 1944 , 

McCall & Holdsworth, 1945) 

Anti-chas been responsible for transfusion reaction (Callender 
& Race, 1946) 

The Rh Antigen C' 

A recipient of Rh group CDe/CDe was given blood of 
group C* De/CDe, suffered a mild reaction and made as a 
result anti C (Callender Race & Payko?, 1945 , Callender & 
Race, 1946) Anti-C alone has not yet been proved to have 
caused haemolytic disease It has been found in the serum 
of mothers of haemolytic children, but in the presence of 
other anUbodies such as anti-C and “ incomplete ” anti-D 


FIG 4 HAEMOLYTIC DISEASE DUE TO ANTI E 
CDe/cde 



cDE/cde 
The Rh Antigen E 


The Rh Antigen D 

The antigen D is much the most important, clinically, of 
the Rh antigens It is that discovered by Lands teiner & 
Wiener, and shown by Wiener & Peters (1940) to be a fairly 
common cause of reaction to transfusion Levine, Katzin & 


We have several examples of transfusion reacuons due to 
ns anubody Fig 4 shows a family in which pure anti fc 
aused haemolytic disease In appropriate matings anu-E 
j sometimes found together with anti-D 
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The Rh Antigen e 

Until the discovery by Mourant (1945) of the antt-e serum 
the antigen e was in the position still occupied by d, the 
presence of which in a blood is detectable only as an absence 
of D Mourant found the anti-e m the serum of a patient 
cDE/cDE who had been given many transfusions with 
increasingly severe reactions Transfusion with cDE/cDE 
blood was completely successful. 


FIG. 5 HAEMOLYTIC DISEASE DUE TO ANTI-c 
(from McCall, Race & Taylor, 1944 , McCall & 
Holdsworth, 1945) 


CDe/CDe CDe/cde 



healthy 

CDe/cde 


died 


recovered healthy 
transfused 


CDe/cde CDe/CDe 


The Lutheran Antigen 

This antigen, present in about 1 in 12 of the English 
population (Callender, Race & Paykog, 1945 , Callender & 
Race, 1946), has caused the formation of the corresponding 
antibody, anti-Lutheran, in a recipient of blood transfusion 
It is not known whether it has the power to cause a reaction, 
for Lutheran-negative blood was used for subsequent trans- 
fusions of this patient The Lutheran antigen is apparently 
not connected with any of the known blood-groups 


The Kell Antigen 

Another antigen, “ Kell ”, which also seems not to be 
connected with any of the known blood-groups, has probably 
been responsible for haemolytic disease of the newborn in 
the family shown m Fig 6 (Coombs, Mourant & Race, 
1946) The mother, who was “ Kell ’’-negative, had in her 
serum an antibody which agglutinated the cells of her 
children, her husband, and about 7% of random bloods. 
The baby’s cells were shown by the rabbit anti-human-serum 
serum test (Coombs, Mourant & Race, 1945) to have been 
sensitized in utero The baby was severely anaemic, but not 
jaundiced, and responded well to a blood transfusion 


Miscarriages 

The important paper of Levine (1943) on “ Serological 
factors as possible causes in spontaneous abortions ” has 
drawn attention to, and supports, the possibility first pointed 
out by Hirszfeld, that there may be a differential survival- 
rate depending on the ABO blood-groups of mother and 
foetus It was found that more A children resulted from 
A X O matings, when the mother was A, than when the 
mother was O [102 families of these two types of mating, 
grouped at the Galton Laboratory, failed to show tins 
difference however (Taylor & Prior, 1938 , Race, Ikin, 
Taylor & Prior, 1942) Further, a series of 112 bloods sent 


to this laboratory from mothers who had had early mis 
carriages shows no obvious disturbance of ABO group 
frequency (Woodward & Race, 1946)] 

Anti-Rh and the ABO Groups 

In the same paper Levine notes for the first time the 
curious fact, which still lacks adequate explanation, that 
matings which result w the production of maternal anti Rh 
are far more often compatible, or homospecific, on the ABO 
system than are normal matings. This has been the persisting 
experience of the Galton Laboratory and of Professor 
Cappell’s and Dr Plaut’s departments. There is no possible 
doubt about the statistical significance of these findings. 

Toxaemia of Pregnancy 

The question raised by Dienst, over 40 years ago, as to 
whether blood-group incompatibility between mother and 
foetus is a cause of toxaemia of pregnancy, still seems to 
remam without definite answer Dr Marjory McFarlane 
has kindly allowed me to quote the following unpublished 
figures Of 59 Dundee women suffering from severe toxaemia, 
of pregnancy, 34 were group O, 15 group A, 7 group B, and 
3 group AB This does not differ significantly from the 
normal Scottish distribution, and the same can be said of 
the Rh groups, there being 47 Rh positive and 12 Rh negative 

Rh and Mental Deficiency 

Two groups of workers in the United States, Yaxmet & 
Lieberman (1944) and Snyder, Schonfeld & Offerman (1945), 
found an apparently significant distribution of Rh groups in 
“ undifferentiated ” mental defectives and their mothers, 
too many of the mothers being Rh negative 1 On statistical 
grounds, Professor Penrose (personal communication) has 
thrown doubt on the significance of these findings, and work 
is now m progress which, so far, supports Penrose’s views 
The blood-group genes are not known to exert other 
effects on the earner, though there are theoretical reasons for 
thinking that this may occur The blood-groups have so far 

FIG 6 THE KELL FAMILY 

(from Coombs, Mourant & Race, 1946) 
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bee a shown to bo capable of causing two disease states 
reaction to transfusion can be due to the ABO or the Rh 
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ophthnim!^ SlX moiltEs of the year 1941, Gregg (1941), 
number of i f Ur ^ eon °L Sydney, Australia, saw an unui 
to “ a m,!ri Wldl ooosemtal cataract almost amoun 

children m epi ~ mc ” The majority of the mothers of tl 
nancy and t, 8 r Rlstory °f un attack of rubella during pi 
•• corretnrma ? und 111:11 ^ early periods of their pregnan 
Wida S! j read ed Wlt * 1 tbe maximum intensity of the \ 
German severe epidemic in 1940 of the so-ca 

nieasles ” Furthermore, in his opinion. 


cataracts did not “ exactly correspond to any of the large 
number of morphological types of congenital and develop- 
mental lenticular opacities that have been described ” 

Actually 13 infants having congenital cataracts came under 
his own care and 7 others under that of his colleagues, 
moreover, he knew that similar cases had occurred during 
the same period in widely separated parts of Australia. He 
therefore communicated with colleagues in New South 
Wales, Victoria and Queensland and altogether was able to 
collect 78 cases The cataract was usually bilateral, but in 
16 instances it was monocular, in 10 of these infants it was 
associated with microphthalmos, and in a few cases there 
was also a corneal haze 

Frequently the babies were small in size, ill-nourished and 
difficult to feed, and 44 of them also suffered from congenital 
heart disease In 68 instances the mother gave a history of 
rubella during pregnancy, and in the majority the illness 
occurred in the first or second month of pregnancy 
A majority of the mothers contracted the disease in July or 
August 1940, and m the remainder the time of incidence of 
the disease was spread over the period December 1939 to 
January 1941 Returns from hospitals m Sydney showed 
that the peak of the epidemic occurred from the middle of 
June to the early part of August 1940 In 26 instances, out 
of a total of 35 mothers in which the record was available, 
the affected children were first children, and it was the young 
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adult group to which these primiparae belonged which was 
particularly affected by the epidemic Gregg thought that 
this 1940 epidemic of German measles “ differed greatly 
from the ordinary virus infections bearing that name He 
said that he had never seen such severe examples of the 
disease or such severe complications, adenopathy, sore 
throats, involvement of ankle and wrist joints and the general 
constitutional symptoms were all very pronounced, and the 
rash was pleomorphic, being “ macular, morbihform, 
scarlatimform and toxic erythematous ” Co-incidentally 
with this epidemic there also occurred in military camps 
epidemics of sore throats, which spread to the civilian 
population 

All these points made Gregg wonder whether the illness 
was or was not rubella, but he came to the conclusion that 
it really was that disease and even speculated as to the 
possibility that the few mothers of infants with congenital 
defects who failed to give a history of rubella in pregnancy 
had suffered from mild attacks which had been overlooked 
Although there is no definite stateipent to the effect that 
congenital defects are particularly $rone to occur m severe 
epidemics of German measles, such a condition of affairs is 
certainly implied in this and other papers on the subject, it 
would, therefore, seem somewhat illogical to claim that 
attacks of rubella so mild as to pass unrecognized were also 
responsible for such defects 


South Australian Survey 


Impressed by Gregg’s findings and knowing that similar 
cases had occurred in South Australia, Swan of Adelaide and 
his colleagues conducted a survey which was supported by 
the National Health and Research Council of Australia 
They have reported their results in a series of papers (Swan, 
Tostevm, Moore, Mayo & Black, 1943, 1944, Swan, 1944) 
For the purpose of this survey, they issued a questionnaire to 
general practitioners in South Australia and also asked for 
permission, if the mother lived in Adelaide, to question her 
about her past medical history and, if a pregnant woman 
was known to have rubella, to be allowed to see her and to 
follow her progress through pregnancy until the birth of 
her child 

The cases investigated occurred in the years 1939 to 1943, 
but it was not until 1942 that the “ follow up ” method was 
used, previously the enquiry had been a retrospective one 
In all they collected information concerning, or examined, 
74 mothers, the diseases from which they suffered during 
pregnancy and the numbers of their offspring who had 
congenital defects are shown in the following table 


Mothers 

Disease 

Infants with defects 

57 

Rubella 

40 

1 

Rubella and measles 

1 

2 

Rubella and mumps 

0 

1 

(?) Rubella and (’) measles 

0 

7 

Measles 

0 

1 

Mumps 

1 

1 

’Influenza" 

1 

4 

None 

4 

74 


47 


The defects found were defects of the eye and heart, 
deaf-mutism, mental retardation etc , moreover, there was 
often more than one defect in the same child, and many ot 
to cMten were under-developed and difficult to feed 
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Evans (1944), working on the same material, described 
dental defects 

As a result of their survey, these investigators came to the 
conclusion that “ when a woman contracts rubella within 
the first two months of pregnancy it would appear that the 
chances of her giving birth to a congenitally defective child 
are m the region of 100%, and if she contracts it m the third 
month about 50 %” 

Welch (1945) has collected the numbers of congenitally 
deaf children born in New South Wales for each year from 
1931 to 1941, in only one year, 1938, did they reach double 
figures, when they were 47, the mothers of 34 of whom 
developed rubella during the first four months of pregnancy 
An interesting pomt m this connection is that this large 
number occurred two years before the severe epidemic of 
rubella in Australia, referred to above 


Observations In Britain and USA 


Subsequently to the original Australian observations, the 
association between rubella in the mother and congenital 
defects in the child was also noted in America and England 
The number of instances reported from America is not large, 
the largest series being reported by Erickson (11) (1944) and 
Albaugh (9) (1945) In England many paediatricians have 
seen isolated examples of the association, but by far the 
largest number of cases so far reported is that by Martin 
(1946), who, by means of a questionnaire, attempted to find 
the cause of deafness m deaf children who were bom in the 
years 1940 and 1941 , i e children bom after the 1940 epidemic 
of rubella which was widespread and rather more severe 
than usual Altogether she obtained particulars of*" 
children, in 15 of whom the deafness was hereditary and in 
8 followed meningitis, but 36 of the mothers, 20 of whom 
were interviewed, contracted rubella during the first our 
months of pregnancy and 6 others probably suffered rom 
the disease 


Multiple Defects 

In a number of these children there was also a defect o 
the eyes, and in a few, of the eyes and heart Weston Hubj 
(S wan et al , 1943) explains the not infrequent associauo 
in the same child of congenital heart disease an c0 2 
cataract by assuming that the action of the virus is p 
on vascular structure and that cataract, for ins n > 
interference with nutrition of lens fibres brough a 

action of the aetiological agent on the hyaloid artery 
histological examination of material from three d 

Swan (1944) found evidence of an even more «P 
attack on the tissues of the embryo, and P^^ h ° c U found 
the restriction to the glomeruli of the lesions 
m the kidnevs supported Hurst’s theory 


Some Difficulties of the Theory 
le statistics given above com^itute a stroDg pniT^ 
for the thesis that rubella in the early stagesof pi regan.^ 
kely to cause malformations in the • ft> “f and 
asms, however, must be Tesls can 

ier statistical studies are necessary. Question requiring 
garded as proved Obviously, the fir q expe ctant 
oswer is whether the disease from w . c j aims have 
lers suffered was in fact rubella transmitted to 

put forward that rubella has , and there 

al s, these have not been generally Jt faaS 

lerefore, no specific serological test avaiiaoi 
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seen suggested that the presence of Tilrck cells in the blood 
an be regarded as a diagnostic feature in rubella, but this 
s an uncertain and unreliable sign, since these cells arc also 
bund in other conditions The diagnosis, therefore, has to 
re made on clinical grounds, by the exclusion of other 
liseases which resemble rubella, and by any specific tests 
ivailable for these exanthemata. 

Swan and his colleagues state that exanthema subitum, 
irythema infectiosum, measles, scarlet fever and glandular 
'ever might be confused with rubella, but that, except in a 
"ew cases, a detailed analysis of the symptoms of the mothers 
n their senes failed to support any other diagnosis than that 
if rubella. Of the exanthemata mentioned by Swan et al , 
icarlet fever and glandular fever are the most difficult to 
lifferentiate from rubella As pointed out previously, 
ipidemics of sore throats occurred in military camps in New 
South Wales in 1940, and these spread to the civilian popula- 
■ion. Gregg (1941) thought that these were streptococcal m 
ingm. Similar epidemics also occurred in South Australia 
Woodbum sore throat ”) in which the causal organism 
ffas H influenzae, but in 1943, when Swan and his colleagues 
wote their first paper, this epidemic had ceased, although 
longemtal deformities associated with maternal rubella were 
tall occurring 

Another difficulty m diagnosis is the fact that in rubella 
he rash is often so fleeting and the symptoms are so trivial 
hat little notice is taken of the condition and a doctor is not 
lonsulted. The Australian observers, however, stressed the 
severe character of the 1940 epidemic, and the epidemic m 
Britain in that year showed more severe symptoms than is 
■isual in epidemics of this disease According to Weston 
Hurst (personal communication), the reason for the seventy 
M the disease in Australia, and for the occurrence of so many 
-ases in young married women, was the long freedom of the 
Australian population from epidemic rubella with the result 
lhat a large number of pnmiparae were at risk In his 
opinion, it was the exposure of this large number of non- 
ramune pregnant women to the mfecUon which made recog- 
nition of congenital defects in their babies inevitable, and he 
is convinced of the association between the two conditions, 
moreover, he quotes as evidence of the seventy of the disease 
the fact that half his staff at the Institute of Medical and 
Veterinary Science, Adelaide, which was predominantly a 
young one, were away with the disease at one time 

c ^ an ® e m the type of rubella may have been due to 
the development of a new capacity by the virus, or the 
epidemic might even be a new virus disease, but it is much 
more likely that the change was determined by the unusual 
opportunity presented by the presence of a large adult popu- 
>ren susceptible to the infection 

A second question is why a disease which is so often so 
in the adult should produce such disastrous effects in 
e foetus v The answer given is that in mammals embryonic 
ue is more susceptible to infection than adult tissue, 
oreoye^ this susceptibility is most marked in the early 
mtvm °* < * eve l°pment, and it is with the occurrence of 
to be Car * y m P re snancy that deformities have been found 
is rh a ? ociate d- A weak point in this argument, however, 
e that the Australian workers found that other 
diseases — measles in particular — did not produce these 
effect 111 '!' K ’ a ' t ^ 1QU Sb there is always the possibility that the 
0 more severe virus infection was to produce 


Two other criticisms of the Australian investigations have 
been made , first, that in most of the recorded cases the 
enquiry as to the occurrence of rubella during pregnancy was 
retrospective, having been made when a congenital deformity 
was found m the newborn child, and that there are only 
scanty data concerning mothers who had rubella during 
pregnancy but gave birth to normal children Swan and his 
colleagues did, however, examine a few cases non retro- 
spectively (positively, to use their phrase), and also found that 
17 expectant mothers who developed rubella gave birth to 
normal children 

Secondly, the effect of other virus diseases on the expectant 
mother has not been adequately investigated, although in the 
Adelaide series the children of 7 mothers who suffered from 
measles during pregnancy were normal 

The available evidence supports the view that the Australian 
epidemic was due to rubella and, apart from the number of 
cases they collected, the most important and suggestive facts 
observed by the Australian investigators were, first, the 
important epochs in the development of the organs in which 
abnormalities were found — eyes, heart, teeth — are m the 
early penod of pregnancy, just at the tune during which it is 
stated that their mothers contracted rubella , secondly, 
congenital abnormalities were not found in the offspring of 
those mothers who had measles in early pregnancy 

There are no statistics available to show whether or not 
m the years following the 1940 rubella epidemic m England 
and Wales there was any increase in congenital malforma- 
tions which are compatible with life As far as deaths from 
malformations are concerned, there was no increase in 
children under 4 weeks nor from 4 weeks to 12 months in 
the year 1941, i e the year following the epidemic 

Statistical investigations to confirm or refute the associa- 
tion between maternal rubella and congenital deformities are 
difficult to carry out adequately because large epidemics are 
infrequent and the section of the population at risk on which 
they have to be earned out is a small one , indeed, it has been 
estimated that to obtain a really good statistical result, it 
would probably be necessary to include m the survey all 
the married women in England and Wales A recent 
investigation in Milwaukee, Michigan, by Fox & Borten 
(1946), illustrates the difficulty m obtaining a sufficient 
number of cases and is also interesting in that, although the 
number of children investigated was small the results obtained 
did not support the Australian thesis In the city of 
Milwaukee, which has over half a million inhabitants, there 
is an epidemic of rubella about every ten years, and in the 
last twenty years there have been 44,482 cases of the disease 
The investigators paid particular attention to the 1942-43-44 
epidemic, with the following results 



19t2 

mi 

1544 

Total number of cases 

3 998 

17703 

525 

Total number in married women 

73 

477 

31 

Total number of married women investigated 

19 

122 

10 

Number of babies born to these women 

1 

9 

l 


Five of the mothers of the babies had rubella in the first 
2 months, four in the 2nd 4th month, and one each in the 
7th-9th month of pregnancy Although one mother who had 
rubella at the end of the 1st month of pregnancy was delivered 
of a hydrocephalic stdl-bom baby, there was not a single 
example of congenital deformity amongst the eleven babies. 
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and an interesting thing is that one mother who contracted 
rubella m the 2nd month of pregnancy produced a normal 
baby, whereas in a previous pregnancy her baby had bilateral 
cataract 

Conclusions 

Rubella is not a notifiable disease in England and Wales, 
although it has been notifiable in the City of Manchester for 
some years, and it probably would be a help in the solution 
of the problem under discussion if it were, at any rate, in 
married women, made universally notifiable Second attacks 
of rubella are rare, and therefore the Australian investigators 
suggested that pooled or adult serum might be used to confer 
passive immunity upon the expectant mother who.had been 
exposed to the disease The use of gamma globulin has also 
been suggested, but even more potent would be the gamma 
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NOTE — In a letter received by the author since this paper 
was written, Gregg states that he has seen or collected an addi- 
tional 138 cases, 130 of which were m the year 1944, making a 
total of 206 examples of this association between maternal 
rubella and congenital defects In the group of 130, the distri- 
bution of the defects was as follows 


Cases 

Deaf-mutism 

Congenital heart disease 

Eye defects 

85 

present 

— 

— 

17 

present 

present 

— 

5 

— 

present 

— 

6 

— 

— 

present 

8 

— 

present 

present 

8 

present 

present 

present 

1 

present 

' * 

present 
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DEVELOPMENT 1 

A St G HUGGETT 
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J Mary's Hospital 


The development of the infant depends upon the development 
before birth the one is continuous with the other A child 
SitTs healdiy at birth is likely to continue in health in its 

G - 1 orm ° nd ^ 

London, 10 May 1946 


postnatal life There are two mam prenatal factors, th 
genetic and the nutritional, which will impair the c 
af survival or improve the health of the mfant This f ' P 
deals with the nutritional A cardinal difference is th to 
atter can be controlled, but the former, once 
fertilized, are at present beyond our control 

Biological experiments on this subject have 
performed upon animals and confirmation U P difficulty 
iubject is hunted, largely by reason of the gen 
issociated with human experimentation, \ 
n this case by the interesting condition of the subj 

Birth-weight 

The mfant at birth in health has lived andgrown dujero 
>n food supplies which have r^d it fmm ^ J ^ 
icross the placenta Its curve of ^ J ” hf mo:s 
s steep in the last three months of wtrauwnne ^ 

han two-thirds of the birth-weight being b rth ., se! ght B 
ast eight weeks Three-quarters of this birth 
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TABLE I COMPOSITION OF THE HUMAN FOETUS 
IN GRAMS 


Body 

Witcr j 

Protein * 

Fit 1 

Aih 

End of 5th lunar month - 1 300 

260 1 

22 

35 

1 s 

End of 7th lunar month - | ! 000 

H 

800 

ICO 

250 

30 

End of 10th lunar month ! 

(birth) - - - - ^ 3 200 

2 -t20 

! 

* TOO 

I 

'[350 0 

SO 

Average of daily deposition jj 

1 Throughout foetal life - i 114 

! 8 6 

1 4 

1 125 

0 32 

2. In last 3 lunar months - 26 2 

j 19 3 

1 357 

' 3 87 

I 

071 

!' 

3 In last month - - 35 7 

| 23 6 

1 64 

LL 4 _ 

20 


water The daily rate of deposition is shown in Table I, 
where it is seen to rise steeply m the last part of pregnancy, 
the aterage daily increase being 1 1 4 grams a day throughout 
pregnancy and 35 7 grams 


Hammond (1932) has also shown that, with a low plane 
of nutrition, such that the ewe is ill-nourished at birth, the 
weight of individuals in twin or triplet lambs is definitely 
impaired The result is that ratio 

weight of single lambs 
weight of individual twin lambs 


is proportional to the degree of nutritive impairment He 
inferred that in general the chance of survival was inversely 
proportional to the value of this ratio Applying this ratio 
to the birth-weights in London in 1938-1939, and in 1941 and 
1942, there is actually an indication of improved health and 

chance of survival , , , _ 

The birth-weight is dependent not only upon breed (Eckles, 
1919) and food supply of the mother, but also upon the de- 
mands of competing metabolisms for the food supply The 
main competitors are other animals in the Utter, e g twins, 
triplets or multiple litters , the metaboLsm of the mother 
v if still growing, and finally 





in the last month 
Pronounced depletion of 
the maternal food supplies 
lowers the birth - weight 
(rats Zuntz, 1919, guinea- 
pigs Paton, 1903, rabbits 
Reeb, 1905, sheep Ham- 
mond, 1932) Moderate 
underfeeding, how ever, does 
not decrease the birth- 
weight (sheep Hammond, 
1932, cow Eckles, 1919, 
gilt 1 Hogan, 1928) 

The best and most recent 
work is that of Wallace 
(1944, 1946) He fed preg- 
nant sheep on diets which 
maintained weight, 
restricted (low-plane) 
diets, and high-plane diets 
of concentrate and excess 


(Wallace, 1944, 1946) 


| Hijh-plane Lo* plane: 


:ffect on ewe weight pounds - 
5irth weight pounds - 
*1ilk yield in 3rd week pounds 
Milk yield over 16 weeks pounds - 
Lamb weight at 16th week pounds - 
Temperature-control at birth - 
Neonatal mortality — - — 


44 (gam) 

— 1 1 (loss) 

10 4 

68 

50 

30 

443 

292 

72 

56 

Present 

Absent 

Nil 

High 


sheep, individual members 
of twins are 23% and of 
triplets are 30% lighter 
than singletons (Hammond, 
1932) In general, the size 
of individual young at birth 
is inversely proportional 
to the number in a Utter 
in the pig, guinea-pig, rab- 
bit and rat 

Curiously enough, the 
ratio is s mall er for male 
than for female lambs 
Hammond regards this 
as suggesting that males 
stand a better chance of 
survival than females 
There is no known explana- 
tion for this based upon 
the actions of the sex 
hormones 


rations His results are 


summarized in Tables II 
and III 

Wallace demonstrated that the diet in the last eight weeks 
of pregnancy was important in that it not only raised or 
depressed foetal growth, but a high-plane diet also caused 
mammary-gland growth yielding a high milk-yield, of w c 
the more vigorous lamb took full advantage Stall more 
important was his demonstration that the restricted rations 
not only depleted tissue-growth but also retarded physiologi 
development, as shown by absence of temperature control 
and high mortahty m neonatal life The effects of restnc 
diets were more pronounced with twin births 

In the occupied European countries there has also be®** 
observed a corresponding decrease in birth-weights an 
increase m neonatal mortahty There was, however, a de- 
crease in pregnancy toxaemia, which accords with Wallace s 
observation that low-plane diets produce increase of liver 
fat. In Britain, the moderate restrictions of diet due to e 
war did not lower the birth-weight (Huggett, 1944) 

1 A iounj sow 


-ABLE III COMPARISON OF EFFECTS OF HIGH PLANE 
H P, AN D LOW PLANE (L.P) DIETS IN EARLY AND 
ATE PREGNANCY UPON THE FOETAL GROWTH 
AND UDDER DEVELOPMENT 
iw,lbri>. 1944 . 1946' 



P 

|i 

Grcjp 1 

Group 2 

Diet of ewe in 1st 4 weeks 

jf 

Maintenance 

Maintenance 

Diet of ewe in next 9 weeks - 

-i 

H P 


L P 


Diet of ewe in next 8 weeks - 

-j 

'i 

H P 

i 

LP 

H P 

i 

LP 

Average foetal weight (pounds) — 
At 56th day - 

*1 

i! 

1 7 

1 7 

1 7 

1 7 

At Mth day 

- ! 

1 

II 3 

6 5 

II 1 

5 8 

Udders— glandular growth 

- (- 



— j 

! 


c at in liver - - 

“ i 


• 

i ~ " 
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The competing effect of the maternal metabolism is shown 
by the influence of the weight of the ewe at birth on the 
weight of her lambs— as she gets older their average birth- 
weight rises In Suffolk sheep, with young ewes the average 
twin weight is 11 pounds [5 kg ], and with adult ewes the 
average twin weight is 12 pounds [5 5 kg.] ( Hamm ond, 1932), 
The same effect is seen in India, where the birth-weights from 
child-marriages are smaller than those from adulis, and rise 
with increasing age of the mother 
The weight at birth influences the growth after birth 
(Marshak, 1936 , Greene, 1931) Illingworth (1939) has drawn 
attention to the effect of low birth-weight m humans, and has 
shown that under modem conditions of civilization it may 
result m failure to attain normal weights The work of 
Wallace (1944, 1946) shows a reason for this imperfect 
growth after a low bnth-weight. The foetus on the restricted 
diet is equivalent to a premature animal without temperature 
control and poor m vigour and strength, which feeds at a 
poorly-developed breast yielding a poor supply of milk - 
Hess & Chamberlain (1927) have shown, however, that 
underweight infants can, with special care in feeding, attain 
normal weights m four years This special care, however, 
involves prolonged dietary supplementation, organization 
and expense 


TABLE IV. BIRTH-WEIGHTS (POUNDS) IN LONDON 
IN 1938-1939, 1941, & 1942 


Year 

Mean birth weight 
in 

singletons 

Individual 
birth weights 
of twins 

Ratio of singleton 
weight to 
individual 
twin weight 

1938-39 

7 260 

5 237 

1 388 

1941 

7 125 

5 125 

I 390 

1942 

7216 

5 448 

1 325 


This raises the important question of whether the child 
who has been imperfectly nounshed in prenatal life and has 
enjoyed a high plane of nutrition after birth can ever entirely 
recover vigour and health It has been shown in the post- 
natal sheep (Hammond, 1932) and in the pig (McMeekan, 
1940) that, after birth, different organs and portions of the 
body have different ages of optimal growth. Bone grows 
first, then muscle and then fat Bone-length is an earlier 
growth than bone-breadth If, therefore, the lambs start, 
say, on a Jow plane of nutrition, and are later put on to a 
high plane, their recuperative powers are limited mainly to 
those tissues growing mostly in the later period The bodily 
proportions are therefore different to those of animals 
continuously on a high plane of nutation It was found, 
further, that there is some permanence of these effects of 
nutation on body proportions (McMeekan & Hammond, 


1940) 

Wallace (1945) has shown a similar result during foetal 
life Low-plane foetuses contrasted with the foetuses of 
mothers on a high-plane diet, had a differential impairment 
of tissue- and organ-growth, the nervous system being least 
affected, bone more so, muscle and flesh most The ali- 
mentary canal was less affected than the heart, lungs and 
kidneys, and the thymus, spleen, and liver were most depleted 
by low rations m pregnancy 


The Theory of Partition of Nutrients 


It is desirable to know how the foetus is relatively successful 
in maintaining its body-weight, and the individual tissues 
apparently maintain themselves against under-nourishment, 
when the maternal food is in short supply 

Hammond (1944) has proposed the theory of partition of 
nutrients, which states that the tissues having the highest 
metabolic rates have a priority of supply of all nutrients 
over those tissues and parts with a lower metabolic rate 
This view was first developed by Child (1920), who first held 
that in different tissues of an organism there is an axial 
pattern of function which involves, amongst other things, a 
gradient of oxygen consumption correlated chemically with 
external factors This means that there is a division of 
foodstuffs in proportion to the metabolic rate of the tissues 
concerned, those with the highest rates having the highest 
priority Child’s thesis that the metabolic rate governs the 
supply of nutrients has been adopted by Hammond as the 
basis of his theory, and is supported by the demonstration 
that there is a cofrelation between the rates of growth in 
young animals and their chemical composition (McMeekan, 
1940) To give one instance, after birth the first tissue to 
grow is the bone, followed by the muscle and the depot-fat 
In the early stages the first lipids found are in muscles, and 
are intracellular lipids of high iodme value with great chemical 
activity, the “ eliment constant ” of Terrome (1920) Later, 
after the optimum growth of muscle has passed, the lipids 
deposited are those which form the depot-fat These are 
relatively inactive and with low iodine value, the “ Element 
variable ” (Callow, 1935) At this stage, the growth-rate for 
bone and muscle is low and the animal is fattening A similar 
parallelism has not so far been demonstrated for the prenatal 
fat, but it is known that the metabolic rate in foetal tissues is 
higher in the einbryo than m the adult. 

Taking these facts mto account, therefore, Hammond 
(1944) has suggested that in early life the high total metabolic 
rate of foetal tissues enables the foetus to compete successfully 
with the relatively low metabolic rate of the maternal tissues, 
and so to obtain its desired nutriment 


He illustrates this by Fig 1, m which the number of arrows 
denotes the metabolic rate and tissue’s growth. As the supp y 
of nutrients is decreased, the number of arrows is re u , 
first fat losing its one arrow, muscle being reduced to on. 
bone cells to two and brain to three and the placenta p 
foetus to three arrows With further reduction m food sup- 
plies the fat and muscle arrows may even be reversed, 
bone and brain grow at still further reduced rates 
stage the maternal tissues waste and lose weight. With ageing 
of the embryo, its metabolic rate falls and the foe us 

nnontv and with greater difficulty with the mafcnw 


hypothesis Hammond supports (1944) se £” 1 

es The instance of the twin lambs a ^ bc J 
nallv 23°/ lighter than singletons is duphcatea m 

m at butt weighed 7 26 pom* P»W 
24 pounds [2 39 kg ] (Hugged, 1944) wm 
vere fed at the breast, tte ratio of OTjtettn to 
increased (signrlyrug greater relate 
> n the lambs were. later weaned and fed on 
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FIG I PRIORITY OF> PARTITION OF NUTRIENTS ACCORDING TO METABOLIC 

RATE (Hammond, 1944) 



The number of arrows indicates the relative metabolic rate of the different tissues and its satisfaction 
by a flow of nutrients from the maternal blood stream 


This is still more evident with litters In rabbits, litters 
of 8-11 had individuals averaging 45 g birth-weight, but 
with only 1-2 young they averaged 95 g. (Wishart & Ham- 
mond, 1933) But if unlimited food was given to the mother 
it was not possible to increase the birth-weights of the large 
litters, and this suggests some type of maternal control 
The placenta is a competitor In the human at full term 
it bears a ratio to the foetus of one quarter to one twelfth 
Clearly, the larger the placenta the better the storage capacity 
m the middle trimester and the diffusion capacity in the final 
Inmester, and so the greater chance of foetal survivaL If 
we compare the ratio of placental weight to foetal weight 
(P/F), we find that it becomes smaller as the placenta loses 
weight and the foetus grows (Huggett, 1941b) 


BAILEY THE RATIO OF PLACENTAL TO FOETAL 
"EIGHT (P/F), AT DIFFERENT AGES FOR SINGLETON 
AND SIB FOETUSES (SHEEP) 


Age in weeks 

10 

12 

14 

16 

18 

20 

22 

P/P single embryos 

1 7 

1 3 

0 98 

0 69 

0 43 

0 27 

0 20 

P/F sib embryos 

23 

23 

0 10 

0 78 

0 50 

03! 

022 


imilarly at the 21st day of pregnancy in the rabbit, the 
verage P/F ratio is 0 83 for fitters of 8-14 embryos, but 0 71 
°j tters of 7 or fewer embryos (Huggett, 1929) 
full SeCI ? S t ^ ere f° re that the placenta can compete success- 
y with the embryos m mid-utenne life (before it shows 
e norm 31 signs 0 f physiological degeneration characteristic 
mem .^ terme hfe), and the greater the competition for nutn- 
we iuh t I ^? rB t ^ le ( hsP anr y between the placental and foetal 
contr ii ^ Utnent su PPly, however, is not the only factor 
thevh 102 " ei Sht, since when individual cases are considered 
case nf°w 0ver * ap m the ratios We have, however, another 
Hammond’s theory of partition of nutrients 
can now consider other conditions which have been 


known for some time but which are all covered by the 
generalization of Hammond — namely, the effects of shortage 
of individual foodstuffs Hammond applies his theory not 
only to the gross aggregate total of nutrients but also to any 
one individual nutrient. Of these one of the most striking 
is that supply of nutrients concerned with the development 
of the erythrocyte and provision of adequate haemoglobin 


The Development of the Erythrocyte 
In 1931 a considerable body of work emerged which has 
altered our ideas concerning anaemia in infancy Mackay 
& Goodfellow (1931) focused attention on anaemia m infancy 
by showmg that 45 % of breast-fed and 51 %*of artifically-fed 
infants in an orphanage — working-class population ofLondon 

showed anaemia at 12 months of age This anaemia was 

accompanied by a big rise in morbidity It was entirely 
relieved by the a dminis tration of iron, with an accompanying 
decrease in morbidity and increase in weight The anaemia 
was associated with anaemia of the mother in 50/ °F cases ■ 
it was also a progressive condition in the first year of file, 
which, however, could be reversed by iron medication. It 
was aggravated or precipitated by any type of jaundice in 
the infant, by oedema, or by replacement of human by tows 
milk, and was associated with birth-weight, in that small 
infants at birth grew relatively more rapidly than big infants 
and seemed to develop anaemia more easily 

Mackay & Goodfellow attempted to give extra iron to 
the pregnant mother with a view to assessing its effect upon 
the incidence of anaemia m the infant after birth, but e 
experiment broke down due to conditions bevond their 
control However, the experiment was attempted with 
success by Strauss m 1933 under easier conditions He in- 
vestigated pregnant women in whom the maternal anaemia 
was very low, an average of 36% haemoglobin compare 
with 76% m the control cases In both groups * ere 
no significant difference at birth, but at 12 months the infants 
of the anaemic mothers had only 46% haemoglobin (controls 
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showing 67%) together with microcytosis and poikilocytosis 
He demonstrated that administration of iron m good dosage 
to the mother during the last three months of her pregnancy 
not only relieved her anaemia but also gave a normal blood- 
picture in her infant 12 months after its birth The infants 

° f ?!^ ated mothers had 70% of haemoglobin compared 
with 46% m the infants of untreated mothers Both groups 
had exactly the same average haemoglobin at birth Iron 
medication of the mother had therefore had no elevating 
effect on the circulating foetal haemoglobin 

These observations of Mackay and of Strauss were con- 
firmed by Smallwood (1936) in a parallel experiment in rats 
and humans He showed that an iron-deficient diet for 
pregnant rats produced young with a normal haemoglobin 
percentage, but with a microcytosis at birth which rapidly 
developed into a hypochromic anaemia In his parallel 
observations, the administration of iron to normal women 
in pregnancy, while causing no apparent change m the mother 
or her offspring at birth, did, however, markedly decrease 
the postnatal drop in haemoglobin His colleagues Parsons 
Hickmans & Fmch (1937; earned this further and showed 
that, if the rats were kept for several generations on an iron- 
deficient diet, there was a greater anaemia, subnormal 
weight, and difficulty m rearmg and reproducing when the 
young grew to adult size 

The presumption is that the lack of adequate iron supplies 
m pregnancy has depleted reserves in the embryo, which 
depletion reveals itself m the postnatal period when the diet 
is naturally short of iron Two things lend weight to this 
surmise, first the demonstration by Zaleski (1886) that in 


the dog the liver of the embryo at full term has 391 m* of 
!■*?? per 8- of dry liver, compared with 43-78 mg Der 
100 g m the adult In the human, at least two-thirds of 
this iron are stored during the last three months of intra- 
uterine life (Hugounenq, 1899) If there is a shortage it is 
to be expected that this big storage might be defective without 
any signs in the circulating blood That a shortage is normally 
liable to occur is evident from two things first, that nfantile 
anaemia can occur on a milk diet unless other sources of 
iron are supplied (Mackay & Goodfellow, 1931) , second 
the anaemia is worse on cows’ milk than on human milk 
which is to be expected since 1 litre of human milk has 3 mg 
of jron and of cows’ milk only 0 8 mg per litre 
Fullerton (1937) has demonstrated, however, that m the 
human the liver is not the mam store of iron The human 
foetus has m its liver at birth only 50 mg of iron, m other 
tissues 70 mg , but in the blood 330 mg The position in the 
human embryo is clearly different to that m the dog foetus 
Pommerenke, Hakm, Bale & Balfour (1942) have studied 
transmission of iron to the human foetus by “ labelling ” it 
with radioactive iron It was given to the mother by mouth 
before delivery at term, and blood was removed from her 
and from the umbilical vem for estimation It appeared in 
40 minutes withm the foetal circulation, which indicates a 
fairly rapid passage across the placenta at full term In 
another series it was administered before therapeutic abortion 
m cases between the 2nd and 7th month of pregnancy The 
radioactive iron was then estimated m the different tissues 
of the aborted embryo The largest deposition was m the 
foetal erythrocytes, considerably less m the foetal liver, and 


FIG 2 [RELATIONSHIP OF FOETAL WEIGHT TO FOETAL AGE IN THE 

RAT 



AGE IN DAYS 


From a series of experiments in which the action of progesterone upon the 
foetal weight was assessed The curve is the normal growth-curve for untreated 
rats Note the rapid increase in the last two days Full term is 21-22 days 


negligible m other foetal tissues 
It is quite clear, therefore, that so far 
as iron is concerned, the total present 
in the diet of the pregnant animal or 
mother determines the seventy and dura- 
tion of the anaemia which occurs during 


the first year of life Where there is a 
shortage, the mother shows an active 
anaemia of the hypochromic type and 
the infant shows no anaemia Apparently 
the higher metabolic rate of the embryo 
has grasped the available iron at the 
expense of the low metabolic rate of the 
mother This is, however, not the whole 
story, since, withm the embryo, the 
circulating erythrocyte shows no defi- 
ciency at birth Apparently, however, 
there must be a deficiency m the liver 
in the case of the dog Fullerton (1" )• 
as has been said, regards the reserves o 
iron for circulating blood as being 
blood itself and such outside source; as 
are available to it in the postnata oc 
supply, since the haemoglobin percentiS- 
falls from 145 to 86 at the 9th month w 
as low as 37 in infantile anaemia 
this reason he stresses the ncc f ss J^ h 
iron feeding of the infant, and 
the value of iron supplementations 
diet of the pregnant woman In ■ y-* 
he findings of Strauss mid SmalW 
t is doubtful whether Fullertons c 
ention can be wholly correct 
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PLACENTAL WEIGHT AT DIFFERENT DATES IN THE RAT 


PtACENTAL WEIGHT 

(G) 



AGE IN DAYS 


From the time senes is the list. Note the mirked slowing In the last two days of pregnane/ 
In many species (including the human), the placenta loses weight at this s g 


The development of erythrocytes is not, however, a matter 
only of iron. Wills (1931, 1933) has shown the megalocytic 
^ononna of pregnancy is curable by the administration of 
the haematopoietic factor of the liver or the extrinsic factor 
present m marmite [a vegetable concentrate] This condition 
occurs in Indian women on a diet lacking the extrinsic factor 
^icre is no record of the state of the blood of the infan ts 
born of the anaemic mothers, a matter of considerable 
importance If the extrinsic factor be viewed in the light of 
Hammond’s theory as a nutrient, for which the foetal 
haematopoietic tissues, with their high metabolic rate, 
successfully compete against maternal demands, the megalo- 
< ^'n, anaen ' la Presooaoy 111 die mother is a logical sequence 
The same approach can be applied to minerals other than 
u .°°* Protein is a component of blood, both in the haemo- 
Slobin and in the circulating plasma proteins In severe 


8* bin and m the circulating plasma proteins 
malnutrition the plasma proteins decrease In pregnancy 
^mother stores much protein, both in her uterine and her 
extrautenne tissues Protein needs to be increased in 
^ncy for foetal requirements This is recognized in all 
in th £rn < ^ etanes for pregnancy Copper, likewise, is needed 
S ^ atura h°u of the normoblast to the erythrocyte It 
, r fd m the foetal liver in the pig (Wdkerson, 1934), and 
193Y> *^ e 80at an ^ human (Ramage, Sheldon & Sheldon, 

of th S °,^ lat at dill term its concentration is double that 
jpc e aau * t bver Unlike iron, however, copper is not 
. ent 111 the mother m pregnancy the level of copper rising 
0 blood from an average of 0 205% ±0 025 to 

13 A ±0 075 (Sheldon, 1932) In other words, a deficiency 


of copper is a factor less likely to cause 
postnatal anaemia in the infant 

Factors In Calcification 
Calcium, on the other hand, with 
phosphorus and vitamin D, have been 
demonstrated as necessities which, if 
not supplied by the maternal diet in 
quantities above the normal non- 
pregnant adult requirements, will, 
because of the high demands of the 
foetal bone-growth, be inadequate not 
only for maternal metabolism but also 
for the postnatal development of the 
infant 

A decrease in the calcium and phos- 
phorus in the diet of pregnancy causes 
no decrease in the embryo of the dog 
(Dibbeit, 1910 , Zuntz, 1919), but even 
on a normal diet this is achieved at the 
expense of a loss of calcium from the 
maternal tissues (Sherman & Macleod, 
1925), unless extra calcium and phos- 
phorus be given (rat Toverud & 
Toverud, 1929a , human Toverud & 
Toverud, 1929b, Booher & Hanse- 
mann, 1931) Maternal canes (M 
Mellanby, 1929) and osteomalacia 
(Maxwell, 1930) and, with the osteo- 
malacia, intrauterine rickets, can also 
occasionally occur and are curable by 
cod-liver oil together with calcium and 
phosphorus A rachitogemc diet m 
puppies can cause rickets more effectively 

equihbnum^r^ched^^ ^pregnant ^ 

pregnancy this ^ & Hoff (^Q bS 

respectively, while Sonta& ossification is 

forward mte > rfequa.b .pppl.e, of 

mdependent of Ihedier, „„ todulES „f Abel 

“““ 

of the foetal skull-bones 

Tt is clear therefore, that the early high rate of metabolism 

mmwm 

adequate But the foundaUon is laid in utero 

What has been said about iron, calcium, jhe 

applies also to all other nutnents m varying degr 
diet must be balanced Lin ipal^jj to be fortified 

with fortification mcertam foodstuff .. wlt h certain 
for the mother’s requirements, Pjficu^y ^ h3%s 
ammo-acids such as methiomne At thej jno {g[ 

no direct evidence of the necessity though it would 

foetal development or for its postnatal hie, in 
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be absurd to expect its requirements in growth to be Jess 
than the adult requirements 

It is necessary here to refer to three important experiments 
conducted on supplementation of the mother’s diet during 
pregnancy None was so complete, owing to the difficulties 
of human experimentation, as to be conclusive, but all three 
were significant In South Wales and Gateshead it was found 
that supplementation with vitamins, milk and iron decreased 
still-births and neonatal deaths (Williams, 1939). Ebbs, 
Tisdall & Scott (1941) compared good diets with poor and 
with supplemented diets, and found that the addition of 
fruit, eggs, milk and wheat-germ decreased morbidity 
markedly, while in 1942 the People’s League of Health showed 
that supplementation of normal diets with min erals and vita- 
mins decreased prematurity and slightly increased birth- 
, weight | All these effects were accompanied by improvements 
m the maternal condition during pregnancy 

Placental Permeability 

In investigations of the placental permeability there is a 
limited number of observations which bear on the question 
of the postnatal development of the infant 

The most important is that it is normal for the placenta 
to show atrophic changes which, towards full term, result 
in approximation of the two blood-streams, with diminution 
and disappearance of the intervening layers in varying degree 
m different species (Grosser, 1925 , Mossman, 1937) This 
results in a big increase m permeability in the last months 
of intra-uterine life, with a concomitant passage of the food- 
stuffs This is well shown m curves relating the intra-uterine 
age to the foetal weight and the placental weight, and by the 
passage of radio-active sodium in different species of 
increasing permeability (Flexner & Gellhom, 1942) 

The second point of importance is that the passage of 


FIG 4 RATE OF SODIUM TRANSFERENCE ACROSS 


foodstuffs is often against the physical gradient of concen- 
trations. This raises the question of mechanism of placental 
transfusion which, with molecular weights over 350, appears 
to involve mechanisms other than simple diffusion (Anselmino 
& Hoffman, 1929), and particularly so with colloids and 
parttcles However, there is no doubt that in the last three 
months of intrauterine life the placenta becomes very 
permeable to certain organisms and certain colloids, though 
so far as the evidence shows, apart from lipids, none passes 
m nutritional quantities. In the case of proteins, the passage 
of nutritional quantities is by amino-acid diffusion (see 
Huggett, 1941a) Proteins can pass across m colloidal state, 
but only in “ immunological ” quantities. This applies to 
certain viruses, to certain toxins and antitoxins, and to agglu- 
tinins, the most striking being the passage of the Rhesus 
factors 

This passage of immunological quantities of proteins 
through the placenta is relevant to the known permeability 
of the placenta to traces of essential factors, notably the water- 
soluble vitamins and the hormones The whole question, 
therefore, is of considerable importance in the nutrition of 
the infant Variation in the permeability of the placenta 
m different individuals is suggested by two observations 
In the first place, the incidence of erythroblastosis foetalis 
in Rhesus-positive infants of Rhesus-negative mothers 
should be 90-100% In actual fact only 5% of these infants 
develop erythroblastosis foetalis. Haldane (1942) suggests 
that in only 5% of placentae is the permeability so great that 
the isoagglutinins can traverse to the foetus Secondly, 
Dienst showed in 1905 that if the attached placenta at fu 
term was perfused with methylene blue, the dye appeare 
m the maternal urine m only 20% of cases 

While in both these cases there are alternative explanations, 
the possibility of differential permeability affecting me 

nutritive supply of Uie 
infant at the stage when 
its reception of nutrients 
PLACENTA JS maximal is an impor- 


(Flexner & Gellhorn, 1942) 



tant aspect of the ques- 
tion of the influence of 
prenatal nutrition on 
postnatal development 
What is required is the 
optimum flow of nutri- 
ents to attain vigour 
without extremes of 


desirable here to 
ttention to two 
lade by Barcroft 
in this connec- 
e emphasizes the 
nee of placenta' 
, secondly, of its 
on to oxygen 

and ventures the 

that the size of 
js is limited by 
of the placenta 


This shows the relative placental permeability in different species at different dates during pregnancy 
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do not know. 
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FIG 5 CORRELATION OF PERMEABILITY AND PLACENTAL STRUC- 
TURE AT DIFFERENT AGES IN THE RABBIT 
(Flexner & Gellhorn, 1942) 



The tissue intervening between the maternal and foetal bloods — decidua and trophoblast 
atrophies in pregnancy in varying degree in different species (most in the rabbit) with an 
accompanying increase in permeability with a change in the last tenth of pregnancy 


It must be admitted, that we have 
no sure means of assessing the 
nutritive condition of the infant in 
utero either directly or through a 
study of the maternal condition This 
is not surprising, as it has been shown 
that foetal death or removal without 
placental death does not remove the 
signs of pregnancy, which progresses 
to full term, resulting then m the 
delivery of the placenta, with the 
concomitant signs of puerperium 
(mouse Newton, 1935 , monkey 
van Wagenen & Newton, 1943) 

The nearest we can go is to recog- 
nize that maternal loss or subnor- 
mality of weight, or decrease in func- 
tional efficiency or decrease below 
the physiological normal for preg- 
nancy (where known) — all or any of 
these stigmata are danger signs of a 
condition hable to impair the health 
of the foetus in utero or the infant 
after birth 

In conclusion, we can emphasize 
that a balanced diet in pregnancy 
duly fortified where necessary, is 
essential for foetal and infant health 
quite apart from the benefit conferred 
on the mother herself 
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blindness and visual defect 

OF CONGENITAL ORIGIN 

ARNOLD SORSBY, MD.FRCS 
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consequence, other causes of disease have « , 
proportionately greater significance This is stnkinelv 
seen m a comparison of the causes of blindness in chddren 
different periods durmg the past sixty years 

Decline of Ophthalmia Neonatorum and other Infective 
Causes of Blindness 

Socpetv^of' Ophthalmology 

society of the Umted Kingdom carried out a collective 

n/S TT T causes of htodw* amongst inmates 
blind schools and institutions for the blind Ophthalmia 

ZSwiyliS be ^ ca^Tf 

DJinoness in 30-41 % These percentages cover inmates of 
all ages and, as the liability to blindness increases with aae 
it .s clear that considerably more than 30% of blmtaS 

b “" caUKb by ophthalmia neonatomm 
In 1922, the Board (now Ministry) of Education found 

?*|f ch °u ls , for children m England and Wales, 

28 5 /, of the scholars had been blinded by this affection 
A parallel survey earned out m 1944 showed that in the 
space of twenty-two years the proportionate incidence of 
blindness from ophthalmia neonatorum had declined to 
9 2% It is likely that within a decade blindness from 
ophthalmia neonatorum, once a dominant cause, will have 
become a rarity m the Umted Kingdom, for it is exceptional 
now for an infant to be blinded by this affection In the 
four years 1941-44, only three babies m the whole of England 
and Wales have become blind from this disease 
Though no strictly parallel figures are available, there is 


S U L h en U m 8 e oDhth e J ,denCe **"* 3 dec,me of the ™ order 

different M *5® P ro P° rtj onate incidence of the 

Whilst in 1 079 ° f bb ndness has be come greatly affected 
mvon.p t 1922 congenital and hereditary lesions, including 

Sen TXS* f ° r , 37 3 % ° f the causes of bluidness “ 

omchireH h n °J eSS tban ^ all blindness was 

produced by these affections 

and Wales the nuraber of bhnd children between 
tne ages of 5 and 16 has shown a steady decline since 1923 
•?, die rate per 100,000 children in that age group 
943 ^ rate had fallen to 20 3 Table I 
s e decline as recorded at intervals during that period 

AGEcf 5 OF BLINDNESS IN CHILDREN 

AGED 5-16 YEARS, ENGLAND AND WALES, 1923-43 

D , . No of Registered 

Year 

1923 
(925 
1927 
1929 
1931 
1933 
1936 

1938 

1939 

1940 

1941 

1 942 
1943 j 

That decline is, of course, to be explained mainly by (he 
decline m the infectious causes of blindness It carries this 
significant implication as to-day some two-thirds of ad 
bhnd children are afflicted from congenital and hereditary 
lesions, the rate of blindness per hundred thousand is likely 
to fall below the present 20 3 , but within foreseeable time 
the rate will have become stabilized at the somewhat reduced 
level, for present-day methods of operation and treatment 
do not materially affect the congenital and hereditary lesions 
A clear appreciation of the underlying factors m this group 
has therefore become of immediate and practical importance 

Terminology and Classification of Congenita] Eye Defects 

It is unfortunate that our very terminology of the con- 
genital and hereditary lesions is confused This confusion 


Population 

No of Registered 
Blind aged 

Rate per 

aged 5 16 years 

5 16 years 

100 000 

7,477,1 43 

2,723 

36 4 

7 306,761 

2,720 

37 2 

7,385 359 

2,554 

34 6 

7 262,590 

2,438 

33 6 

7, f 66,056 

2,355 

32 9 

7,246,446 

2,089 

28 8 

6,890,730 

1,853 

26 9 

6,694,3 00 

1,676 

250 

Population 

1,619 

24 23 Based 

figures not 

1,499 

224 on 

available 

1,425 

21 3 S- 1938 

for 

1,369 

20 5 I population 

publication 

1,355 

20 3 J figures 
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reflects, of course, our ignorance of the scope of the problem 
The term congenital blindness has no precise meaning It is 
sometimes used as synonymous with a neonatal infection, 
such as blindness arising from ophthalmia neonatorum, or 
from birth injury , sometimes it is used to indicate a trans- 
mitted maternal infection, such as syp hilis , and it is also 
used to designate blindness from genetic causes By usage 
rather than by precise definition, blindness from such infec- 
tious disease as ophthalmia neonatorum and congenital 
syphilis is generally not included in assessments of blindness 
of congenital and hereditary origin The tendency has been 
to confine the term congenital blindness to that arising from 
malformations and genetic infections This, however, is not 
strictly valid, for there are other factors besides these two 
m congenital blindness Nor may it be assumed that 
whatever be the case with malformations, blindness from 
genetic affections always manifests itself at birth Such a 
characteristic genetic affection as retinitis pigmentosa may 
not cause blindness until well on in adult life, or even beyond 
An unsatisfactory terminology does in itself introduce 
confusion, but it is unlikely to be replaced until adequate 
knowledge throws up better terms The first essential m any 
clear appreciation of the significance of the factors operative 
in congenital causes of blindness and visual defect is, therefore, 
a more detailed study of the group of affections that to-day 
makes up some two-thirds of all causes of blindness m 
children As yet only tentative and indirect explorations 
have been earned out 

Suggestive data are obtained from an analysis of the 
causes of blindness m infants up to five years of age admitted 
to the Sunshine Homes for Blind Babies During the period 
1920-43, 600 babies were admitted to these Homes conducted 
by the National Institute for the Blind No less than 261 
(43 5 % of the total) were blind from clearly-defined malforma- 
tions or congenital affections “ Congenital anomalies ” 
(not more clearly defined) were responsible for 78 cases 
Frankly congenital malformations, such as microphthalmos 
and buphthalmos, accounted for 47 and 24 cases respec- 
tively Cataract of congenital origin was responsible for 
48 cases, whilst no less than 24 cases were due to glioma of 
the retina, presumably bilateral 
It is difficult to sort out from this mass those that were 
genetic from those that were maldevelopmental in origin 
Moreover, it is possible that some lesions grouped as 
endophthalmitis of infective origin might be due to trans- 
mitted maternal infection, as it is also likely that some of 
the cases of optic atrophy not included in the group of 
congenital lesions, might be congenital in origin A significant 
mature of the findings m this study is that only one infant 
is noted as blind from retinitis pigmentosa, a disease that is 
undoubtedly genetic in origin and, though not manifest at 
mth, must be considered as congenital 
w V s obvious that the very limi ts of congenital factors of 
hndness and visual defect have not been defined. For the 
moment one can only fall back on more or less valid 
genwnhzaUons It is possible to distinguish in broad outline 
the following groups 

1 Malformations Congenital malformations have a wide 
anatomical range, extending from such a rare occurrence 
f anophthalmos to relatively min or anomalies 

° e eye Even the min or anatomical anomalies may have 
*f* port An abnormally-formed disc, or an lll- 
e °Pcd fovea, may cause gross visual defect Most of 


the congenital anomalies have clear clinical features, as 
characterized by the names of microphthalmos, buphthalmos, 
coloboma indis, coloboma of the choroid, coloboma at the 
macula, congenital cataract, subluxation of lenses, and other 
designations Congenital nystagmus is m a category by 
itself, for often no anatomical defect can be observed, but 
it is possible that, in some cases at any rate, there is lack of 
development of the fovea 

The aetiology of all these conditions is obscure In days 
gone by congenital syphilis was frequently blamed, and 
“ intrauterine inflammation ” served as an alternative 
aetiological diagnosis That many of these cases are genetic 
in origin is obvious from the intensive genetic studies that 
have been published on these anomalies, but frequently no 
genetic basis can be established There is lack of evidence 
in many cases of any dominant transmission, or of recessive 
manifestation , consanguinity is unusual, and a goodly 
proportion of these anomalies are “ sporadic ”, even if each 
of these anatomical lesions has been observed as a genetic 
feature 

Though much work has been done on the experimental 
induction of ocular anomalies by changing the prenatal 
environment of the embryo, it cannot be said that expen- 
mental embryology has been particularly successful in 
elucidating the nature of these lesions None the less, it is 
established that experimental congenital cataract can be 
induced by hypocalcaemia in the pregnant rat Some 
evidence for a cluneal parallel is also available 

One puzzling feature in these congenital ccular anomalies 
is their frequent association with systemic malformations 
Subluxation of the lenses is apt to be seen m arachnodactily , 
aniridia may be associated with syndactily, and even lobster- 
hand and -foot. Macular coloboma m one particular 
famil y was associated with apical dystrophy of the hands 
and feet , in another family, anomalies of the skin and hair 
were present with macular dystrophy Deficiency in dental 
enamel m cases of congenital cataract finds a ready explana- 
tion in the common underlying hypocalcaemia at a critical 
period in intrauterine development, but it is difficult to 
see a developmental basis for such a freak association as 
anir idia with lobster-hand and -foot, or macular coloboma 
with apical dystrophy of the terminal phalanges Conceptions 
like status dysraphicus help to clarify the position somewhat 
m such conditions as arachnodactily, but it cannot be said 
that they do indeed throw much light. Genetic explanations, 
such as particular genes influencing a variety of characters, 
have much theoretical validity, but detailed knowledge of the 
multiple potentialities of genes is still sadly lacking The 
confusion is not eased by the fact that known intrauterine 
infections can also exert widespread effects and produce 
weird combinations of anomalies 

2 Abiotrophies In contrast to the gross anatomical 
changes seen in the congenital malformations, is the wide 
group of ocular lesions in which there are no structural 
anomalies at birth, but which are none the less determined 
congenitally Retinitis pigmentosa has already been men- 
tioned as an example of this group, but there are many other 
less-common affections of this type The large group of 
macular dystrophies, the familial forms of choroidal sclerosis, 
and the corneal dystrophies, are all well-established examples 
A tissue that is apparently normal at birth, and may indeed 
function normally for a number of jears (sometimes for a 
variable number in different families) shows dystroph’c 
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changes, generally of a progressive character, and frequently 
ending m blindness Both dominant and recessive forms of 
most of these conditions are recognized, and their congemtal 
nature is obvious from their hereditary character The 
designation of abiotrophy for this group of conditions has 
been criticized , the criticism is valid on etymological 
grounds, but not particulai ly helpful It is of some importance 
to draw a sharp line of demarcation between the structural 
anomalies present at birth and the congenitally-determined 
affections 

The abiotrophies are probably much more common than 
is generally supposed There is good reason for regarding 
the high degrees of pathological myopia as examples of 
abiotrophy It is certainly a cluneal fact that the complica- 
tions of high myopia develop not at the time the myopia 
itself originates — on childhood and adolescence — but in late 
middle hfe, when there is no mechanical stress of growth to 
disturb the choroid and retina Though the evidence is not 
conclusive, there is much to suggest that some forms of 
cataract and optic atrophy occurring late in life are essen- 
tially abiotrophic It is arguable that some clinical con- 
ditions that are designated as senile degenerations of the 
eye are essentially late abiotrophic manifestations. Genetic 
evidence in support of this view is not difficult to obtain in 
almost any of the “ senile degenerations ” of the eye. 

3 Phakomatoses A group of conditions, of which tuberose 
sclerosis is a characteristic example, has features that link 
them with both the abiotrophies and neoplasths. A structure 
which is apparently normal at birth may develop changes 
which destroy both its function and the hfe of the patient 
The tumours in tuberose sclerosis and neurofibromatosis 
behave m this manner , their effect is widespread and 
variable, as these tumours have a wide anatomical distri- 
bution It is possible that so far only the more severe 
phakomatoses have been recognized, but that the condition, 
m its minor forms, with its minimal mother-spots (whence 
the name of phakomatosis), is common The congemtal 
origin of the phakomatoses is shown both by their genetic 
behaviour and by the congemtally-present phakomata 

4 Neoplasms It is tempting to speculate on the relation- 
ship between the phakomatoses and the congenitally- 
determined (or congemtally-present) neoplasms such as 
glioma of the retina As yet nd close connection between 
the two has been estabhshed None the less it is clear that 
glioma of the retina has a marked hereditary tendency with 
an irregular dominant mode of inheritance A number of 
pedigrees extending over two generations has been pub- 
lished, and there is one on record extending over three 


generations Glioma of the retina is estimated to occur once 
in every 33,000 births The high mortality of these tumours 
presupposes a high mutation-rate to maintain equilibrium 
m distribution 

5. The lipoid dystrophies Though relatively uncommon, 
these dystrophies are of considerable theoretical importance 
Those having ocular implications are infantile and juvenile 
amaurotic idiocy, Niemann-Pick disease, and Christian 
Schuller disease Like other abiotrophies, none of these is 
manifest at birth, but that they are congenitally-determined 
is shown by their genetic behaviour The significance of the 
lipoid dystrophies lies in the fact that they form the one group 
of abiotrophies m which biochemical changes have been 
found, and m the case of the Christian-Schtiller disease, 
these have indicated possibilities for therapeutic control 

6. Intrauterine Infections. Apart from congenital syphilis, 
which is the classical example of a transmitted maternal 
infection producing widespread lesions present at birth, or 
supervening later m life, there are now at least two more 
recognized infections that are not held back by the placental 
barrier Maternal toxoplasmosis can produce extensive 
changes in the nervous system of the offspring, as also a 
fairly characteristic central choroiditis which leads to 
blindness More recently the virus of rubella has likewise 
been shown to be responsible for extensive lesions, of which 
congemtal cataract and fundus changes are not the least 
striking 

The problems of intrauterine infection are fundamentally 
those of the environment of the growing embryo, and of the 
nature and variety of malformations that changes in such 
an environment may produce To what extent minor 
lesions and functional derangements appearing later in Ide- 
as distinct from gross congemtal anomalies — may also be 
caused by intrauterine infection must still be a matter of 
speculation 

* * * 


If to-day some two-thirds of the causes of blindness in 
childhood are recognized as due to congemtal and con 
gemtally-determmed causes, it must be admitted that there 
is little concrete knowledge as to the relative signincan 
of the many causes of congemtal and congemtaUy-aeterrnin 
disease There is even less knowledge of the role o c 
gemtaliy-determined factors in the development of ano 
later m life A vast field of endeavour lies open A 
of effort has produced the present-day control of i 
disease The exploration of the problems of congem 
congenitally-determined disease will require an enor 
intense, and the results may be commensurate 
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The conception of an interaction of several factors in the 
genesis of the cancer process is not a new one, but it has 
received increasing support as a result of the researches of 
the last decade Of these factors, genetic constitution has 
been shown to play an important part m animals, and there 
can be no reasonable doubt on general grounds that the 
conclusions drawn from animal experimentation are applic- 
able in modified form to the pathology of human cancer 
The genetic aspect of the cancer problem has been investigated 
in many laboratories, but the pioneer work of establishment 
of strains of mice with differing cancer incidence was done 
largely by American biologists and geneticists The mouse 
has proved to be a valuable animal for these experiments, 
owing to its short life-span, its high reproductive rate, and its 
special susceptibility to a visible cancer, namely, of the 
breast 

Three difficulties arose in applymg the Mendehan law to 
cancer 

1 No animal can be assumed to be cancer-free, whatever 
its age at death , m other words, there is apparently no upper 
hunt to the cancer age This difficulty has been emphasized 
by Gorer (1937), who gives the following example “ Supp ose 
we have three mice of which one dies of mammary cancer 
six months old, the second dies cancer-free at 15 months, 
•md the third dies of mammary cancer at two years, what 
can we say of the genetic constitution of the cancer-free 
®° use ’ 9 ” There seems to be no means of overcoming this 
difficulty, but the failure to recognize it invalidated much of 
Slye s work. 

„ -Mammary cancer strains do not group themselves into 
. , an< ^ '* * ow ” Incidences ranging from 0 to approxi- 
ly 100% are described in genetically pure stocks This 
ac in itself is sufficient evidence that mammar y cancer cannot 
cai ^cl by the action of a single gene Thus comparisons 
, based on populations, rendered as homozygous as 
P ssible by continued brother-sister inbreeding (Little & 
Gorer, 1943, p 318) 

3 Experiments involving crossmg between high and low 

ncer strains always give the result that the F x mice derived 
* “Sd cancer females show a high breast-cancer rate, 
111 fde F, mice derived from low cancer females the 

Loch 2002 ! o fi 0VV ^ Us ® rst P omte< i out by Lathrop & 
A !d 1918, has been amply confirmed by other workers 

n 3s?i su [ nmar y of the position is given by Burrows (1945, 
the nfr V ' ao P° mts out that the degree of susceptibility m 
a low-cancer strain mother crossed with a 
■cancer strain father is passed on to the F» generation 1 


Influence of Bittner’s Milk Factor 

The conclusion to be drawn is that the existence of one or 
more extra-chromosomal factors gives the female parent a 
much greater influence upon the offspring than that of the 
male It seemed natural to seek this factor in the generative 
system, and though a considerable volume of work was done 
in transferring fertilized ova from the uteri of high cancer to 
low cancer mice, it soon became apparent that the extra- 
chromosomal influence lay in the milk (Bittner & Little, 
1937) Since this time, a vast amount of work has been 
done, especially by Bittner, m an attempt to discover the 
nature of the “ milk-factor ” and the conditions under which 
it acts A complete account of this work cannot be 
attempted here, but summaries are already available 
(Andervont, 1945b , Burrows, 1945, p 355) But the 
following well-established facts may be noted 
a Females of all high cancer strains foster-nursed by low 
cancer mothers show reduction m mammary cancer incidence 
The degree of reduction depends upon how soon after birth 
the babies are removed from their own mothers There is 
some indication that reduction is maximal if the babies are 
removed from the uterus at term (Andervont & McEIeney, 
1941) 

h Females of low cancer strains foster-nursed by high 
cancer mothers show increase m mammary cancer incidence 
The degree of increase vanes with different strains and in 
different laboratones (Miller & Pybus, 1945) 
c Susceptibility to the milk factor begins to decrease after 
birth, but this can be overcome by giving a large dose— e g by 
using milk factor derived from dned mammary cancer 
tissue (Dmochowski, 1945) 

d Transmission of the milk factor may be obtained not 
only by the milk, but by lnocula of living tissues (spleen, 
thymus, mamma, but not liver) or whole blood. In spite 
of its wide distnbuhon, this factor appears to be concerned 
only with the formation of tumours of the breast 
e Both the reduced liability to breast cancer brought 
about by deprivation of the milk factor, and the increased 
liability induced by its addition, can be transmitted to 
subsequent generations These very remarkable facts supply 
evidence that multiplication of the factor occurs during the 
life of the mouse which has once received it (Andervont, 
1945a) Genetic factors may be concerned m the ability to 
transmit or propagate the milk factor (Heston, Deringer & 
Andervont, 1944-45) 

/ Male mice which have received the milk factor and are 
subsequently oestrogen-treated develop breast cancer (Bonser, 
1944) The Strong A strain seems to be especially refractory 
m this respect 

Before the discovery of the milk factor it had been estab- 
lished that oestrogenic stimulation was concerned in the 
genesis of mammary cancer m mice This subject was fully 
reviewed by Gardner (1939) 

Three Factors affecting the Incidence of Breast Cancer 
The theory has thus been conceived that three factors 
are necessary for the genesis of breast cancer an agent 
in the milk , oestrogen, and genetic constitution. Some 
evidence exists (Bittner, 1944) that the latter is transmitted 
as a single dominant factor, but it is also possible that 
multiple genetic factors may be concerned, one being linked 

1 (F, denotrs the first filial gcrxratica prod-ccd by cressmg tvo uruAe 
individuals, and F, the second final gcuer.it. ..a " p od-oed by r»o 

members of the F x generation. — E d ] 


207 



GENETICS OF CANCER Georgiana M Bonser 


with the gene for brown coat colour Van Gulik & Kortevveg 
(1940) brought evidence to show that the genetic factor might 
work partly through strain-difference in susceptibility of the 
genital organs to oestrogen They found that the high 
breast-cancer strains tested had genital organs less sensitive 
to oestrogen than low breast-cancer strains, and thus postu- 
lated that a greater quantity of oestrogen would be produced 
in them in normal conditions 

The question of dosage of the various factors must also be 
considered For example, Bonser, Stickland & Connal 
(1937) were able to induce 5 breast cancers in 32 oestrogen- 
treated CBA females, m which milk factor is not normally 
present nor do breast tumours occur spontaneously It would 
seem that the heavy dosage of oestrogen used was sufficient 
to initiate the cancer process in the absence of milk factor 
The possibility also exists that the milk factor may vary m 
potency in different strains The proof of this would require 
the administration of milk factor from a number of high 
cancer strains to low cancer mice of one strain kept under 
controlled conditions in one laboratory This has not so 
far been done 


An obviously important aspect of this question is whether 
similar factors are concerned in the genesis of breast cancer 
in species other than the mouse, and especially in man 
Evidence of a familial tendency to mammary cancer based 
on the mcidence in near relatives of both cancer and non- 
cancer patients, was presented by Norwegian and Dutch 
investigators (Waaler, 1932 , Wassink, 1935) This has not 
been confirmed in England (Passey, 1942) The method of 
assessment of cancer deaths in the relatives of the basal 
patients was, however, different in England from that in 
Norway and Holland, and this may account for the difference 
m the findings 


The demonstration of the interaction of three factors in such 
heterogeneous material as the human race is not likely to 
prove an easy task Some interesting suggestions are made 
by Little (1941-42) as to the type of experiment which might 
be undertaken Occasionally, exceptional opportunities 
occur for the study of high, breast-cancer rates m certain 
families (Handley, 1938 , Wood & Darling, 1943) This 
type of information is, however, of less value than that 
obtained from the more laborious and difficult studies under- 
taken by Waaler, Wassmk and Passey It is of interest to 
note that in Passey’s senes of 600 women with breast cancer, 
it has not been possible to trace a family in which the mother 
and the grandmother have both suffered from cancer of the 
breast (personal communication) 


In 1944, Blank published a preliminary report of an 
extensive survey of the literature of the biological background 
of cancer until the end of 1941. This author concluded that 
there does exist in humans a general inherited predisposition, 
whether of susceptibility or of refractoriness, to tumour 
formation, but that other factors exist, most probably 
inherited independently of a general disposition, which govern 
the localization of the disease If general susceptibility and 
inherited favourable internal environment are combined m 
an individual, these factors may be strong enough m them- 
selves to lead to the formation of cancer In addition, where 
general susceptibility is great in an individual, even relatively 
slight irritation by external agents may lead to neoplasia 
Greene (1939) described two types of breast neoplasia m 
two family groups of rabbits and concluded “ that heredity 


played a fundamental role both m the occurrence of the 
tumors and m the determination of the tumor type ” 

Chemical Carcinogens 

An interesting development in the study of the interaction 
of several factors m the genesis of breast cancer has come 
from the use of chemical carcinogens in place of the milk 
factor Bonser (1940) and Bonser & Orr (1939) observed 
the development of breast adenocarcinomas at the site of 
subcutaneous injection of methylcholanthrene in lard w mice 
of low cancer strains One strain (IF) was more susceptible 
than a second (CBA) Mice of both these strains develop 
breast cancer when given milk factor from the RIII strain 
Orr showed later (1943) that the methylcholanthrene could 
be administered by the mtranasal route, the IF strain again 
being more susceptible than the CBA The effect of the 
carcinogen was considered to be a distant one, the possibility of 
absorption through the nipple being eliminated by the use of 
oestrogen-treated male mice, in which nipples are not present 
Administration by the cutaneous and mtrapentoneal routes 
(Orr, 1 944-45) was also effective Bonser has recently observed 
(unpublished observation) that 2-acetyl-ammo-fluorene 
administered by stomach-tube to mice of the IF and CBA 
strains is capable of inducing breast cancer, the IF strain 
being more susceptible There is thus evidence that a 
chemical carcinogen can replace the milk factor, but that 
strams vary in their response Whether this difference is 
genetic in the Mendelian sense has yet to be discovered 


Cancer of Internal Organs 

Thus far, the factors which have been discussed are those 
concerned in the genesis of a visible, easily studied, and 
frequent form of cancer, namely mammary cancer More 
difficult to analyze are the factors concerned with cancer in 
internal organs, but such studies have been stimulated (a) by 
the great variety of carcinogenic agents which has become 
available in the last decade, and (b) by the developmen o 
a large number of pure lines of mice Two methods o 
approach are possible spontaneous cancer in a parucu 
organ may be studied in different strains and expenmen 
can be designed to alter its mcidence , or a substance w 
known carcinogenic properties may be tested upon a num 
of strains and differences in the resulting cancer mcl , 
observed The use of these methods has been of great 
in relation to tumours of the testis, liver, lung, adren , 


imach and skin , . „ 

Frequent mterstitial-cell tumours of the testis ^ 
served in oestrogen-treated male mice of , 

;red strains (Bonser, 1944), whereas they 
other strains so treated Such tumours We w 

jntaneously m the four strains which are susccpti 
itrogen Gardner (1943) hybridized nnce of str^ 
sceptible) with mice of two other non-susceF 
i in 61 male hybrids found three spontaneous ^ ^ ^ 
l tumours of the testis m mice living to a great ag ^ A 
nr id mice lived considerably longer than 
rents, it seemed possible that 

;e “ afforded an adequate period for the ma ^ ^ 

inherent tendencies postulated wo 

itrogen-treated animals The turnout, 

iuences essential for the inception oestrogen 

nelv. the tumoral environment maintained y 
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injections, and a genetic predisposition A farther example 
of the effect of prolongation of life was afforded in an 
experiment in which mice of the R1II strain foster-nursed by 
CBA were treated with the oestrogen triphcnylcthylenc 
(Bonser, 1944) By this means, mammary tumours (which 
lead to early death in non-fostcred mice) were suppressed 
and about one-third of the Rill mice which survived 50 ssceks 
of treatment de\ eloped interstitial-cell tumours of the testis 
Spontaneous hepatomata occur fairly frequently m mice 
of the CBA and C3H strains, which were derived from a 
common stock (Strong <&. Smith, 1936 , Gorer, 1940) They 
occur occasionally in other strains Not all pathologists are 
agreed that these lesions are true tumours, but as metastascs 
“5' e * 3een described and the tumours can be transplanted 
(Edwards, Dalton &. Andervont, 1941-42), there is good 
reason for regarding them as neoplasms Males are more 
commonly affected than females When mice are treated 
wth certain chemical carcinogens, c g 2-amino-5-azotoluene 
iojt^’ car b° n tetrachloride (Edwards &. Dalton, 

cfn ^ 2-acetyI-amino-fluorenc (Armstrong, Bonser & 
otickland, unpublished observation), the incidence of hepa- 
tomas m nearly all the strains tested is increased but, in 
general, the degree of increase varies with the carcinogen 
a , cr than with the strain In the experiment of Armstrong 
C Sk h0 " e ' er - stram limitation was very obvious 

Vhen tumours of the lung in mice are considered, the true 
na we of the lesion is much more- in doubt These tumours 
ppear at a late age as multiple tiny nodules, usually 
p eural m position They grow slowly and in many cases 
no , r 1:31156 of death They are usually regarded as being 
> i rom a ' veo * ar or bronchiolar epithelium , they are 
rn-ni y circumscri bed and do not metastasize Even if not 
< l , astlc > undoubtedly occur spontaneously with great 
GnL r^n l Jl , certain shams (80% in the A strain) Little & 

J state that Lynch & Bittner agree that the 
nrntinM 1 to lhese lesions is dominant and that it is 
(19’5l h ^ eterrnine d by a single gene Murphy & Sturm 
areas nf °^ vec ^ t * lat d" tar was applied successively to different 
occurred S q a mci dence of lung tumours of this type 
first bv i u 00 tben ’ a vast amount of work has been done, 
in stud b anc * * ater Andervont and his co-workers, 

» e ^ ects °f many carcmogens on many strams 
reached ° nt ^ dunkin, 1940A1) Two conclusions were 

very w name y - that the appearance of these lesions is a 
index of carcmogemcity, and that the 
finked m °u miCe to mduced pulmonary tumours is 
tumour; Wl <; ™ eir susce Ptibihty to similar spontaneous 
crosses a usce Ptibility is fairly completely dominant m most 
A ve* n m ° re tban one 8 ene 1S concerned (Heston, 1942) 
was senes of spontaneous bone sarcomas 

These m the NBT strain b y Pybtis & Miller (1938) 
than m mat* 13 occurre d earlier and more frequently m females 
has fallen ^ a* 1 recent years the mcidence in both sexes 
under mvp^ nSlaera ' 3 ^ y ’ ^ rom some unknown cause which is 
mice of this lsatlon When oestrogen was administered to 
Pared with Stram> *^ e changes m the bones were com- 
(Miller On-Tn?*' strams with low bone-tumour mcidence 
made ’ •• wh i Pybus ’ 1943), the followmg conclusion was 
give nse tn h & U 13 c ' Mr ^ at oestnmzation alone does not 
it can act as one sarcomata, there is reason to believe that 
or factors T r „ an a °J uv ant agent when the deterlhming factor 
genetic present ” The latter factors would presumably 


Occasional sponianeous adrenal cortical adenomas and 
carcinomas have been described in mice of both sexes 
(Woolley <&. Little, 1945a), but there is so far no strain with 
a htgh incidence of these tumours Woolley, Fekete & Little 
(1940) described strain differences in both sexes in the degree 
of adrenal cortical hyperplasia following early gonadectomy 
Two strams, dba and C3H, with a high mcidence of mammary 
carcinoma, had more extensive adrenal cortical hyperplasia 
and accessory sex organ development than the C57 black 
strain (low incidence of mammary cancer) More recently, 
using the extreme dilution strain (JAXce), Woolley & Little 
(1945b, 1945c, 1945d) have shown that gonadectomy at birth 
of females and males results in the development of adrenal 
cortical carcinomas in all the mice surviving for a sufficient 
period of time Evidences of strain differences in this type 
of tumour will be awaited with interest 

Epithelial tumours of the alimentary canal are very rare 
m mice, but Stewart & Andervont (1938) found that mice of 
Strong’s I stram all developed an adenomatous lesion of the 
gastric mucosa by approximately eight months of age The 
neoplastic nature of the tumour is in some doubt A further 
reference to cancer of the stomach is made below Attempts 
to induce gastric neoplasms in mice of numerous strains by 
means of carcinogens injected into the stomach wall were 
successful (Stewart & Lorenz, 1942-43), most of the tumours 
arising from the glandular portion of the stomach, though 
a few may have ansen from the squamous portion ^ There 
was no evidence of stram limitation 

Skin Tumours 

No stram of mice has yet been described in which spon- 
taneous tumours of the skin are at all common The 
application of carcinogenic agents to the skin was, however, 
until about fifteen years ago the chief means of inducing 
cancer in the laboratory It had been noted that in any batch 
of heterogeneous mice so treated there was a very great 
difference in tune of appearance of the first and last benign 
tumours Bonser (1938) attempted to select lines of mice 
derived from parents showing the characteristics of early 
and late wart formation The technical difficulties 
encountered in the latter attempt prevented a successful 
result, but a strain of mice was established (termed IF) in 
which skin warts resulting from the use of several carcino- 
genic agents appeared earlier than m any other stram tested 
Contrary to expectation, the warts, although appearing 
earlier, took longer to become malignant. This stram has 
been main tamed at Leeds and was retested in 1945 (unpub- 
lished observation) The characteristics of early wart 
formation and delayed development of malignancy have been 
considerably modified. 

Descendants of Methylcholanthrene-treated Mice 

An entirely new approach to the study ot tne genetic 
nature of cancer susceptibility has been initiated by Strong 
( 1944 ^ 55 ) Wishing to imitate in experimental animals the 
variable genetic background of man, this author hybridized 
mice of the CBA, JK and N strains by means of tandem 
crosses and treated the descendants with methylcholanthrene 
for eight generations Under these controlled experimental 
conditions, a great number of neoplasms was produced m 
mice descendant from the methylcholanthrene-treated mice 
but themselves untreated. In many cases the cancers were 
multiple The author concludes that biological variability 
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(as determined by genetic determiners) is concerned m the 
various types of cancer found in mice and possibly also in man 
A selected strain (NHO) derived from the methylcholanthrene- 
treated hybrids and showing a wealth of new neoplastic 
diseases now becomes available for further research It is 
expected that one of these diseases, namely, cancer of the 
stomach, will be of especial value for experimental work, in 
view of the prevalence of this type of cancer in man 
* * * 


From the foregoing description it will be obvious that the 
threshold has only just been reached in the search for the 
factors which are concerned in the genesis of tumours in 
organs other than the breast When it is remembered how 
complicated are the reactions of relatively homogeneous 
inbred ammals living under controlled laboratory conditions, 
it will be realised how difficult the task is likely to prove of 
evaluating the part played by genes, hormones, diet and 
other extrinsic factors in the genesis of human cancer 
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, i m nf recoenizing and defining what constitutes 

The i P i r °rieSt m contrast to normal mentahty presents few 
mental defec * , deviat i 0 n from the normal is gross, as 
difficulties f whe ^ * , v d ldl0cy Subjects whose mental 
m cases of ] ne between normal and abnormal 

eapacma 0B"iebMtol.n«betw« s ^ ^ ^ 

SnSe^Sve on .he basis of education* standards 


me, and not physically nbno'mal, are 
subcultural ” by Lewis (1 ) , . .» w hich have 

physiological ”, “ residual or achnicd ^ distinguish 
en used with the same ; connection,, „ (ypeS 

e low-normal variants fro ™ P Vlth definite physical 

vch mental defect is associated vvitn u 

sease or malformation „ which outnumber 

The “ subcultural ” or “ admiral cases , ' ^ or Iess 
e others in the proportion of d « f^ble-nunded ” “J 
incident with the group d States The recog 

igland and 


ie general population depends upon app ^ — * 0 ut 
KSe-tJts to children dettnnlI ,e 

Sinus observers in 

range of intelligence The not an d d* 

ff * Branson, 1 924) of I3.0M schoo ^ eh 
■eys of Scottish children (Scotush j Robert, 

EducaUon, .933) are /clrddren in 
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nature of the distribution of intelligence in this sample of 
the communitj 

Ail these survejs shotted that there ttas no natural line 
of demarcauon betttccn normals and defcctitcs A propor- 
tion amounting to about 2 % of children can be counted 
defectite on the basis of tests administered, but only a few 
of these cases arc actuallj sent to schools for special 
education, and less than one-tv* cnticlh arc placed m institu- 
tions The defectives selected for institutional care or 
training are mainly those with severe defect Many of those 
with milder degrees of defect, who arc segregated m this 
«aj, display also anUsocial behaviour 

Institutional Survejs 

One of the simplest methods of discovering the different 
type, of diseases associated with mental retardation is to 
examine large numbers of institutional cases The first large 
group to be intensively studied was the senes of 327 defec- 
tives classified by Goddard (1914) in the United States 
Representauve survejs, made by Larsen (1931) on 1,000 
cases and by Wildenshov (1934) in Denmark, were followed 
in Britain by a survey of 1,280 cases by Penrose (1938) and 
in the Umted States by a similar survey of 347 cases by 
Halpenn (1945) In all these investigations, attempts were 
made to sort out the different causes by clinical examinations 
and enquiry into family histones 
The earlier workers tended to separate a small group of 
acquired, secondary or exogenous cases from the whole, 
and then to suppose that all the rest were due to heredity 
of a simple kind Recent work, however, has shown that 
such simplifications do not express the facts correctly The 
comparatively rare cases in which disease or injury can be 
shown to be the chief cause of the mental defect do not 
exhaust the effects of environmental influences, which may 
part-causes in a very large number of instances Moreover, 
although a few rare types of defect are due to single genes, 
usually recessive, the mode of inheritance, by means of which 
intelligence of the subcultural level is produced, is very 
complex and multifactonal 

Prenatal Environment 

In recent work on the environmental causes of mental 
cfect, much attention has been given to prenatal influences 
e very early stages of development must be involved m the 
malformation of mongolism, a clinical entity first recognized 
y a London physician, Langdon Down (1866), which affects 
a out one in every 700 births Advanced age of the mother 
h Ul ^ Ubtedly a S1 8nificant factor in the aetiology, and this 
h s ^ own by statistical enquiry The study of twins 
t^ 5 b^n, since Galton s time, a favourite means of estimating 
e relative importance of nature and nurture, and it has 
n pursued in the hope of elucidating the cause of 
ong°lis m _ Ford & Frumkin (1942) made a detailed study 
e finger- and palm prints of a pair of mongol twins 
derni i j Ver ^ by Cummins (1936) that, in such cases, the 
both r' ^ 5 s b° w typical peculiarities, which made diagnosis 
easie ° disease and of the monozygosity of these twins 
the r4 em Phasizes the possibility of a genetical factor in 
other j 0n b^tdes the effect of maternal age On the 
twins nana ’ mor Phological similarities found in monovular 
x« 116 n °t necessarily always due to common heredity 
descnhl? 1 ^^ 111, P^baps, are the differences Hobbs (1941) 
a remarkable pair of monovular twins, one of whom 


was above average intelligence and the other almost an 
imbecile from birth though physically well-formed The 
mental defect in the abnormal twin must have been due to 

some adverse prenatal influence 

Attention has been directed to the importance to the foetus 
of maternal health by observations on children whose 
mothers had rubella m the first half of pregnancy The 
original observations, made by Gregg (1941) in Australia, 
have been at least partially confirmed by later enquiries 
(Erickson, 1944) It is important, however, to remember 
that mental defect associated with congenital cataract is 
also found as a familial disease (Sjogren, 1933) Several 
infective diseases which may pass from mother to foetus 
and cause injury to the nervous system are now known 
Ironside (1940) described an interesting case of juvenile 
paresis in one of a pair of fraternal twins of a syphilitic 
mother Mental retardation in the affected twin was present 
since birth, typical neurological signs developed but no 
stigmata were present Besides syphilis and rubella, the rare 
toxoplasmosis can pass from mother to foetus, and it causes 
progressive and widespread destruction of nervous tissue in 
congenital cases (Vail, Strong & Stephenson, 1943) 

Allied to these observations are studies on the effects of 
therapeutic pelvic irradiation given to women in the early 
months of pregnancy Goldstein & Murphy ( ) 

brought forward evidence tot foetal 
result from such treatment Maxfield (1941) described a 
case of microcephaly, which might have had its origin in the 
radiation therapy received by the mother and hdurpj, 
Qh.rWV A. Doll (1942) reported a somewhat similar case 
whSe tentafdeLt m the child was associated with diplegia 

Clinical Types with Genetical Origin 
Most cases of defect with congenital physical abnormality 

dominant type of 

5S§'S5==S3=i 

SSes needs .o be d,™* 

to, Toted at parents 

ab "' defectives was found (Penrose. 

1938) 10 tel Maud the conespondmg figure obtajnri M 
193 8)to be i » Vo. ' a Canadian survey of 2,082 
Duff & Drngee 0 941 h a f ntal consanguinity 
defectives was 1 \ A Th e to be due to the 

ScSn’Tn, rr^mrfc^cal types of congenital 
disease which are inherited recessive y 

Familial Cerebral D,pkm „ w recently 

Among the important types to i***“j£ a £ t g% l 
been drawn, is familial “rebml dip & , 0 fth&>e 

studied b y Bell & Carmichael (1939) On tne _ _ 
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observations, Haldane (1941) suggested that the recessive 
gene concerned might be partially sex-linked Stewart (1942), 
nevertheless, pointed out that there is a great variety of 
conditions which can be included among cases of diplegic 
defect, and that some may be due to foetal malnutrition 
Microphthalmia 

Microphthalmia associated with mental defect, usually of 
low grade, is not very uncommon. It is a condition which 
lends itself readily to genetic investigation because of its easy 
recognition A sibship containing four affected sibs, two 
imbecile twin males, and a male and female of normal 
intelligence, was reported by Kallman, Barrera & Metzger 
(1940) The parents were second cousins This recessive 
type of inheritance contrasts with the sex-linked type 
exhibited by the cases described by Roberts (1937), one case 
of which was examined, post mortem, by Whitnall & 
Norman (1940) The optic nerves, chiasma, tracts, lateral 
geniculate bodies and one corticovisual area were found to 
be grossly deformed and the eyeballs completely disorganized 
Abnormal Lipoid Metabolism 

A sibship containing six cases of the recessive juvenile 
amaurotic idiocy was described by Jervis (1941) The age at 
onset of symptoms m all mstances was between 5 and 6 years 
Norman & Wood (1941) described a congenital form of the 
disease, in which the only child of unrelated parents survived 
but a few days after birth, the brain showed extreme micro- 
cephaly with a lipoid dyscrasia and pachygyria Cases of 
the dystrophy named “ gargoylism ” by Ellis, Sheldon & 
Capon (1936) have attracted attention from many observers 
Ross, Hawke & Brown (1941) gave descriptions of four 
cases Jervis (1942) described a family in which the cases 
were somewhat atypical, and argued that the disease was 
closely related to amaurotic idiocy Halpenn & Curtis (1942) 
have shown that gargoylism is due to a single recessive gene 

Phenylpyruvic-acid Excretors 

The discovery, by Foiling (1934) in Norway, of the urinary 
excretion of phenylpyruvic acid in certain imbeciles, stimu- 
lated a large number of researches in other countries Cases 
have now been reported in England, France, the United 
States, Switzerland and Canada In the analysis of 47 
sibships, in each of which there was at least one case, Munro 
(1940) confirmed that the condition was recessively inherited, 
in 5 of these families the parents were first cousins Pugh 
(1940) showed that such patients have an abnormally high 
degree of creatinuria 

An interesting experiment in the treatment of some of 
these cases was carried out by Bates (1939), who fed them 
on massive doses of thiamine, he was, however, unable to 
report any mental improvement In the United States, 
further information about the nature of the biochemical 
abnormality involved has been obtained by studying blood 
sera and tissues Kondritzer (1940) studied the precipitation 
pattern of serum proteins, and found a small but significant 
increase in the globulin fraction as compared with the normal 
Analysis of the amino-acid content of tissue-proteins by 
Jervis, Block, Bolling & Kanze (1940), however, did not 
demonstrate any differences between normals and phenyl- 
ketonuncs Jervis et a! (1940) also clearly demonstrated 
phenylalanine in the blood of such patients, confirming, by 
a new method, the results of the Norwegian investigators, 
whose recent work on the subject has been summarized by 
Foiling, Mohr & Ruud (1944) 


Some Rarer Conditions 


More information has been accumulating recently about 
a variety of rare clinical conditions associated with mental 
defect Cases of hyperostosis frontalis interna continue to 
be discussed in the literature, though the origin of the disease 
is still obscure; Stewart (1941) showed that the new bone 
formation m the skull is not due to brain atrophy Ferriman 
(1940) discussed the irregularly-dominant type of inheritance 
found in oxycephaly and acrocephalosyndactyly Both 
diseases, which are significantly associated with mental 
defect, are often sporadic in occurrence, especially acro- 
cephalosyndactyly 

Mental defect associated with cutaneous naevi may 
occasionally appear in more than one member of the same 
family A sporadic case was recently described by Ironside & 
Hill (1941) Multiple angiomata affecting the retina and 
cerebellum (Lindau-von Hippel disease) m 4 patients, one 
of whom had an affected parent, were described by Craig, 
Wagner & Kemohan (1941) Here, some cases may be due 
to new mutation 

Disagreeing with the views of some investigators who have 
considered myotonia atrophica to be inherited as a simple 
dominant character, Maas (1937) and Maas & Paterson 
(1943) pomted out that there is a large variation m degrees of 
severity m affected members of the same pedigree This 
disease is evidently commoner than is usually supposed 
The writers inferred, from analysis of material which covered 
94 families, that the worst-affected cases appear in the latter 
part of the sibship, and they maintained the viewpoint, now 
somewhat discredited but still held by Ravin & Waring 
(1939), that the disease tends to become earlier in onset in 
each succeeding generation 

Unequivocal evidence of sex-linked inheritance in men 
defect has not often been obtained A type of severe men a 
defect associated with no outstanding physical abnorma ies 
and believed to be due to a sex-linked gene was described oy 
Martin & Bell (1943) A more convincing pedigree investi- 
gated by Allen, Herndon & Dudley (1944) showed a type ox 
defect associated with muscular dystrophy to be co ® 
males and to be transmitted, for five generations, 
through normal females 


vthroblastosis Foetalis 2 

\ new pathway in the investigation of the genehcal us 
mental defect was opened when it was asoertam^ 
throblastosis foetalis, which was already km j due 
erunner of mental defect in rare cases, w P mother 
antigenic incompatibility of the^ foetus w jgjj) 

h respect to one of the “ Rhesus antigens defective 
rvivors of severe erythroblastosis am o^tonaU^eftc 
ice, Taylor, Capell & McFarlane 943) and W 
in carried out to discover ™ he f er defec | 0 f hitherto 
lbility can be held responsible results obtained 

mown aetiology In spite of the suggestiveresute 

Yannet & Lieberman (1944), subsequ ^ & [ccqueD t 
r e tended to show that Rh mcompatibil y a 3ls0 


cant , 

Psychological and Vocational Assets 
pe of improving the mental capaci i c(jurses of 
Sing them to special , £rea ‘®f. orkm th e United 
as been recently revived by someworK — _ 
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States Cutler, Little &. Strauss (1940) studied the effect of 
benzedrine administration over long and short periods on 
the test scores of a group of mentally-retarded children 
Immediately after administration of the drug, improved 
scores were obtained on the Knox Cube form boards and the 
Porteous Mazes No permanent benefit, however, was 
derived even in patients whose treatments were continued 
for six months A somewhat more optimistic view was taken 
by Moskowitz (1941), who believed that, m selected cases, 
benzedrine raised the ability to a point where educational 
training could be facilitated Kephart (1939) believed that, 
by specific training programmes, the intelligence levels of 
borderline and high grade feeble minded subjects can be 
raised, his results, which were based on re test data, were 
striking, but seem to require confirmation in view of the 
demonstrable effects of practice on test - performance 
(McIntosh, 1944) If re-testing is carried out at long intervals, 
such as 10 years, these objections do not apply, and it is 
interesting to note that, in a study of 85 institutional epilepUc 
patients re-tested at intervals varying from 9 to 14 years, 
at a Canadian hospital, no evidence of mental deterioration 
was found except m three psychotic cases (Falk, Penrose & 
Clark, 1945) 

Mental deficiency has presented some special problems m 
consequence of the war An investigation, among British 
Army personnel, of the relationship between skin diseases 
and mental capacity was made by Hodgson (1941) Here, 
subnormal intelligence, as judged by the Matrix tests, was 
found prevalent in all groups referred for skm conditions, 
specially infestation (scabies and pediculosis) and venereal 
disuse On the whole, later observations (Rolhn, 1943) 
confirmed these findings 

Much work has been done on the mental abilities of cases 
referred by the armed forces because of psychiatric or 

liaviour problems, but no great proportion of such cases 
as usually been found defective Sutherland (1941) reported 


that the mean mental age in 45 cases of war neurosis was 
12 years on the Matrix tests and 14 years on the Bmet scale 
Anderson (1940) pointed out that defectives may sometimes 
make more satisfactory naval ratings than their more intelli- 
gent brethren, provided that no psychopathic features are 
present 

The general principle, however, in most services has been 
to exclude defectives at the outset, as likely to give unsatis- 
factory service Esher (1941) considered all cases below a 
mental age of 7 years and 11 months, which corresponds to 
an intelligence-quotient of 50 to 60, untrainable In a 
sample of 100 cases specially studied, referred by the British 
Army, he found that 80% had relatively high mental ages, 
i e from 9 to 11 years Esher made a correction for a decline 
in intelligence-test scores with advancing age, and further 
recommended that, in considering school records, careful 
attention should be paid to the fact that the criteria of 
promotion vary in different schools The use of the Kent 
Test for screening purposes has been widespread because of 
its convenience and brevity , Rudolf (1941) examined the 
performances of 367 adult defectives, and showed that male 
responses differed somewhat from female responses, using 
Earl s adaptation It is evident that, although the standards 
of intelligence required for success in the armed services 
and success m civilian life are not exactly the same, the 
experience in the use of tests during the war will have 
important future bearings upon the concept of mental 
deficiency m civilian life 

It must not be inferred, moreover, that the mentally 
defective could not adapt themselves to wartime strains 
Benjacar (1940) reported that institutional cases co-operated 
well in civilian defence work and useful constructional tasks 
They showed no more liability to panic than normals, and 
were very susceptible to efficient leadership, their reactions 
to war varied from blissful ignorance to moderately intelligent 
patriotic interest 
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Paul Sen’s La Pression Barometrique 

?|£H iSa? £| s «*«& Stsns 
ffsss si«IS EXtesn 

tt'aSS=»t 

F,G - 1 T P AUL BERT’S APPARATUS FOR STUDYINC 
THE EFFECTS OF REDUCED PRESSURES 


JoSTf^W s ? n , tences of the foreword by Professor 

Pau? BerPs S Si?l? D f hsh transIati0n2 > published m W4?Sf 
experimental: (Panf l87sT°"p ,n r 9 " fi re p ,erches de physiologic 
both as a nhvE, !^ Professor Fulton is distinguished 
biblioeraDhv y , nf |°,? St ,. an ex ? ert ln medical history and 

describes there , f “ e with special authority that he 

of modern a m, ^ n 'T ent ? 1 b °? k as “ the ve ry corner-stone 
verba? tribute hnu C physlo / ogy Perhaps greater than any 

logical wnrir mw!s ? aUt , h „^ Jta , tlve * 1S the fact that a Phys'o- 
Dorarv scirnt,f?^ b fished in 1878 should be of sufficient contem- 
pt ftwZ* nnf'Lll lue to , be re 'pubhshed in translation in 1943 
tmnchunnZ? 1 beC tf e , °I mere historic interest that the recent 
of detl r PUbllshed ' but because the work contains a body 

dse?vb, ri d ^ formatlon and discussion that is not available 
has written autbor oi a modern work 1 on aviation medians 

nv?£^ atcl / f tbls va,ua ble work has been almost entirely 
in ^ , a , f°rfiotten in our present day, yet one who aspires 

rruowledge of aviation medicine must not feel that he has 
successful until ‘La Pression Baromfitnque ’ has been 
carefully read and absorbed ” 

And again 

, a B reat P art of our so-called modern research m this field 
is nothing more than a repetition of his findings of more than 
60 years ago 



In these decompression cham 
bers, Bert exposed animals, 
and himself, to reduced pres- 
sures It was also In this appa- 
ratus that CrodS-Spmelll and 
Sivel tested their reactions to 
a reduced pressure equivalent 
to an altitude of 7,300 m , Just 
over a year before their fatal 
ascent in the Zdmth The 
cylinders A, A' are of riveted 
sheet iron, and are provided 
with glass portholes In the 
narrow cylinder, a very 
pressure (50 mm ) could be 
attained By throwing this 
cylinder Into communication 
with the larger cylinders, an 
Instantaneous reduction of 
pressure could be effected m 
the latter In front of the 
narrow cylinder is a bell jar 
used for experiments on small 
animals In the larger cylinders, 
thermometers are inserted at 
a, a', end cocks for taking a, re- 
samples at r, d , d, d', and s s 
Manometers are shown at 
m, m' At the extreme leu, a 
steam engine which operated 
the pump is seen Bert liter 
replaced this with a gas engine 
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FIG 2. THE FATAL ASCENT OF THE ZENITH 



The earl/ afternoon of 15 April 1875 
Tissandier (centre) who some years 
previously (1870) had escaped by 
balloon to the provinces during the 
siege of Paris is tapping a barometer 
and taking a reading in response to an 
Inquiry from Sivel (left) He tells Sivel 
that the reading is 300 mm (about 
7 -450 m altitude) and Sivel suggests 
discarding more ballast The others 
agree and Sivel cuts the release cords 
of 3 sandbags The balloon rises 
rapidly Croce-Spinelli is seen on the 
right about to breathe oxygen from a 
wash bottle The 3 striped bags are of 
greased goldbeater s skin and contain 
an oxygen air mixture Because of the 
disagreeable smell of the bags, the gas 
was inhaled through wash-bottles con- 
taining water flavoured with benzoin 
According to Tissandier the illustra- 
tion above is an accurate representa- 
tion of the scene After Sivel had cut 
the release cords he and Croce- 
Spinelli sat motionless in the nacelle 
Tissandier lost consciousness at8 000m 
About 4 hour later he awoke for a 
moment and found that Croce-Spinelli 
had also regained consciousness and 
was discarding more ballast. About 
14 hours later Tissandier again awoke 
and found thac the balloon was 
descending rapidly Half an hour later 
and 44 hours after the commencement 
of the flight the balloon landed and 
Tissandier found that his two com- 
panions were dead 


Pre ” bosom Fig 86 p 1065) 

Bert has 1 ttlo usht that it is only since the recent war that 
ResntrTn^ .u dlsco Y ered . « should be added that Haldane s 
full recommn 6 sta P dard English-language work accorded him 
7hp r' i a the Allowing words 
logical efff-ri<; U J!r? tl0ns °f our scientific knowledge of the physio- 
firm bv ihi. , ° ow atm °spheric pressures were laid broad and 
together in rW V k Stl f atlons °f Paul Bert which were collected 
Barometnque S b °°^ a * read y so often referred to. La Pression 

day Betts conclusions remain valid up to the present 

figured and^c a?™? V >que contains vm + 1 163 pages and 89 
111) Experiment mt ° ‘ h / ree P arts 0) Historical (522 pp ) 
Conclusions fits v pp I" 1 ) Recent Facts Summary and 
a fist of finm-L. , ? p i there are also two short appendices 
‘mpressions cre.it h k ta r e °f com ents One of the outstanding 
n ess in .kj, Jf a ,°y the book is its comprehensive thorough- 
a nd coiiaigH r efV r * ap e historical part the author has found 
erences to every aspect of his subject In his 


preface he points out that he has exercised in his historical 
researches les soins Ies plus minutieux and that his object 
has been to bring together everything that has been written on 
his subject In his bibliographical researches he tells us he has 
learnt how often a summary or translation may convert the 
affirmations of an author to negations For this reason he has 
chosen to report the exact words of the authors cited (As if in 
ironic confirmation of Bert s mistrust of second hand sources 

words is misprinted as works in the English translaUon 
of this passage ) 

The histonca! part is divided into two main sections ( i ) 
Diminished pressure and (ii) Increased pressure Secuon (i) 
opens with a short survey of the lofty regions of the globe and 
then proceeds (Chapter I) to an enumerauon of the effects of 
high altitudes reported by mountain travellers The first region 
considered is South America and the reports range trom those 
of the Spanish Conquerors to those of Bert s contemporaries 
including the Englishman Clements Markham There follow 
the accounts of travellers to Central and North America 
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Mount Etna , Tenenffe , the Alps , the Pyrenees , the Caucasus, 
Armenia and Persia , Central Asia , Africa , and the volcanoes 
of the Pacific Chapter II is a fascinating account of balloon 
ascents, from the invention of the gas-balloon (the Montgolfier 
hot-air balloons are not included, as they did not attain significant 
altitudes) In Chapter III are considered relevant theories and 
experiments, down to Bert’s own time, and Chapter IV is devoted 
to a 'summary and criticisms of observations and theories 
previously related 

The second section of the historical part — Increased Pressures 
— is also divided into four chapters, as follows Chapter I is an 
extraordinarily interesting survey of the development of diving- 
bells and the diving-suit , Chapter II is an account of observa- 
tions made by other writers on the effects of the moderately- 
increased pressures which physicians were using in Bert’s time 
for therapeutic purposes 

The title of this chapter in the original is Faibles pressions 
In the English translation, this is rendered as “ Low pressures ”, 
whereas Bert defines faibles pressions as including pressures 
of 1-5 atmospheres (It must be conceded that exception can also 
be taken to Bert’s term ) Chapter III is a review of earlier 
experiments on and explanations of the effects of compressed air 
on living organisms, and Chapter fV is devoted to a Summary 
and Criticisms < 

In the second part of the work, Bert describes in detail a 
comprehensive range of personal experiments on the effects of 
reduced, increased, and suddenly-changed pressures on various 
animals (including man), and also the effects of pressure-changes 
on plants, on putrefaction, fermentation, ripening of fruits, and 
on the “ viruses ” of vaccinia, glanders and anthrax Davaine’s 
work on anthrax had brought to Bert’s notice the existence of 
small organisms — “ bact£ridies in the blood of affected 
sheep, and Bert put to the test Davaine’s theory that these 
organisms ( B anthraas) were the virulent agent of the disease 
He submitted samples of infected blood to oxygen at high 
pressures, and found that it still retained its virulence for animals 
On the incorrect assumption that the organisms must have been 


killed by the treatment administered to them, Bert asserts that 
they could not have transmitted the disease, although he limits 
his assertion to the particular samples of blood upon which the 
experiments were performed History has proved Bert wrong 
on this small point, but he had what seemed to be a sound basis 
for his incorrect assumption 1 , and the outstanding characteristic 
of his work as a whole is that so much remains unchallenged and 
unsurpassed 

It is in the third part of his work that Bert includes, largely 
in the words of Tissandier, the sole survivor, the story of the 
disastrous ascent of the balloon Zdmth, in wluch two of the crew 
of three — Crocd-Spinelh and Sivel — lost their lives from anoxia 
A recent writer 5 does less than justice to Bert in saying that he 
initiated his researches on anoxia “ after the disaster in 1875 to 
the balloon Zenith ” By this date his work had reached an 
advanced stage, and had been reported in a senes of communi- 
cations to the Academie des Sciences of Pans and in a preliminary 
monograph (1874) 

On 9 March 1874, Croce-Spinelh and Sivel, intending to 
challenge previous claims for altitudes attained by balloon- 
ascent, called upon Bert and observed their own reactions to 
decompression in his “ cloches a depression ” In this experiment 
the pressure was reduced to 304 mm Hg — equivalent to an 
altitude of 7,300 m Both the balloonists experienced the 
disagreeable effects of atmospheric rarefaction, and both noted 
the favourable effects of the inhalation of oxygen from a rubber 
bag In a subsequent experiment (30 March 1874), Bert was 
able to maintain himself in reasonable comfort, by continuous 
inhalation of oxygen, at a pressure equivalent to an altitude of 
8,800 m The maximum altitude reached by the Zenith during 
its disastrous flight was 8,600 m Ten days after their test in 
Bert’s decompression chamber, Croce-Spinelii and Sivel made 
their first high-altitude flight m the balloon Eloile Polaire, 
attaining a height of 7,300 m They both found it necessary to 
inhale a mixture of oxygen and nitrogen, with which Bert na 
furnished them , ,, A . ... 

The fatal ascent in the Zenith was made on 15 April lis/a, mi 


FIG 3 A PRECURSOR OF THE EXPERIMENTAL DECOMPRESSION CHAMBER] 
FORLANINI’S "AEROTHERAPEUTIC ESTABLISHMENT ” 



(Press barom Fig 9, p 429) 


iscrimmating and empirically- 
d therapeutic measures are 
> the precursors of new fields 
nentific inquiry The pneu 
c medicine” of the late 
■eenth century, involving the 

ation of newly -discovered 

; was succeeded after an 
val by inhalation anaesthesia, 
519, Gondret, a French physi 
suggested that disease might 
reated by the production of 
ng barometric pressures in 
macc chamber In 
ter French physician. Junod. 
;ructed such a chamber for 
ipeutic purposes, and si 
bers were later utilized by 
cans of many countries Th 
ration of Forlaninl s aero 
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of pulmonary tuberculosi 
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time with a third member of the party — Gaston Tissandier — 
who was the only one to return alive Bert, who was at this 
time away from Paris, received a letter from Crod Spinclli 
telling him of the projected ascent and of the amount of oxygen 
that was to be taken Bert replied that far more oxygen than 
was proposed would be required, but the letter would seem to 
have arrived too late The balloonists did not, in fact exhaust 
even the limited supply of oxygen that they had taken with them, 
for when they attempted to reach for the life giving tubes they 
were powerless to move their arms 

The statement 4 that Bert ‘ built the first decompression 
chamber, in which low-pressure air conditions could be studied 
on the ground ” is also misleading, as may be ascertained by a 
study of Bert’s own book In 1835, a French physician, Junod 
who had made observations of the effects of high altitudes in 
set end mountainous regions, constructed a spherical copper 
chamber, 13mm diameter, in which he studied the effects of 
moderate decompression in man Junod’s chamber was designed 
to serve therapeutic ends, and other French physicians contem- 
poraneously engaged in similar essays in * aerotherapy ” In 
Bert’s time, such apparatuses were to be found in many European 
countries, and an aerotherapeutic establishment ’ had been 
installed by Forlamm in Milan 

In his foreword to the English edition of La pression 
baromelnque. Professor Fulton includes some biographical 
parUculars of Bert He was born in 1833 and originally chose for 
his profession engineering, which he abandoned in favour of law 
Changing his mind again, Bert too k up the study of medicine, 
and graduated at the late age of 30 He was an ardent Repub- 
lican and anti Clerical, and in 1881 he was made Minister of 
Public Instruction m the administration of Gambetta, who 
it may be recalled had escaped by balloon from Pans in 1870 
during its siege by the Germans In 1886, Bert went as Resident- 
General to Tongking in French Indo-China, where he died of 
dysentery a few months after his arrival, at the age of 53 It is 
noteworthy that the great body of work incorporated in 
La pression baromiinque was earned out within the short space 
of 8 years (1869-1877) 

The translation of the English edition is the skilful joint 
work of a linguist, M A Hitchcock, and her physiologist 
husband, F A Hitchcock, and they are to be felicitated upon 
the completion of a labour which must have been extremely 
arduous but which has been well worth doing 

Finally, is not the moment most opportune for a biography of 
Paul Bert 7 There could hardly be a more fitting subject, and 
we are tempted to wonder whether Professor J M D Olmsted, 
who has already given us splendid biographies of Francois 
Magendie and Claude Bernard, might not consider the prepara- 
tion of a study of the life and work of the third of this great fine 
of French physiologists . 


' Armstrong H G Principles and practice of auanon medicine 2nd edition 

Baltimore, 1943 

I p Barometric pressure researches in experimental physiology J™* 

from the French by M A Hitchcock Sc F A Hitchcock Columbus 
Ohio 1943 

•Haldane J S £. Priestley J G Respiration Oxford 1935 
* s work on micro-organisms is discussed and explained by w Bulloch 
in The history of bacteriology Oxford 1938 
’Matthews B H C The effects of high altitude on man (Jtic first of two 
SJi'cr Sharpcy Lectures before the Royal College of Physicians of London 
March 1945 ) Brit med J 1945 2 75-80 
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TERCENTENARY OF THE BIRTH OF 
JAMES YONGE 
SURGEON, 1 646- 1 721 

‘ How many prodigious things are there done in this last age, 
that to the former seemed impossible 7 ’ This might well be a 
question asked concerning the medical advances of recent years, 
but it was actually written by James Yonge (1682), the first to 
describe the flap operation for amputation the tercentenary of 
whose btrth falls this year He was born in 1646 at Plymouth, 
Devon, the son of John Yonge, surgeon, and his wife Joanna 
By the time he was nine years old James could read and write, 
and in 1654 he entered the local grammar school His stay there 
was short, for at eleven years of age he was at sea as apprentice 
to Silvester Richmond surgeon of the ‘ Constant Warwick ’ , 
a naval vessel of 31 guns, manned by 150 men and commanded 
by Captain Robert Voysey This ship acquitted herself well in 
acuon and on one occasion the surgeon’s apprentice was nearly 
washed into the sea during a storm, but perhaps the most notable 
incident during his service aboard was a brush with pirates 
The Constant Warwick ’ had been ten days off Land’s End 
when she sighted two ships It appeared that the larger vessel 
was from Hamburg and that the crew of the smaller craft was 
plundering her The pirate craft ran inshore in an attempt to 
lure the Constant Warwick aground in the shallows, but the 
warship gave chase, fired her guns and captured the pirate ship 
within sight of many people who had gathered on the shore to 
witness the fight (Anon 1849) 

Samuel Pepys, the famous English diarist, records that he 
visited, W May 1661, a fine ship” called the Montagu” 
(Power 1931-32), and it was about this time that James Yonge 
was appointed chirargeon’s assistant aboard her It was 
in the Montagu ’, in 1662, that he took part in the bombard- 
ment of Algiers The fighting lasted six hours and the 
‘ Montagu ’ lost her boatswain and another man while four 
men were wounded, one of whom subsequently died Yonge 
recorded in his journal (Anon 1849 , Munk, 1878) that he 
dressed the wounded and placed them on heaps of clothes for 
greater comfort He also made their barley-water, boiled gruel, 
prepared fomentations and poultices and performed many 
other duties, including shaving and trimming for the surgeon 
was not yet separated from the barber Later in the year James 
Yonge returned to England spending four months with a 
surgeon-apothecary at Wappmg before going to Plymouth to 
work for his father But his relations with his parent were not 
very amicable and in February 1663 he was bound for Newfound- 
land as surgeon to the Reformation ”, a small ship of a hundred 
tons On his return he sailed m the following year in the 

Bonaventure ’ to the West African Coast, and it was during 
a subsequent voyage in this vessel that he was captured on 
21 December 1665 by the Dutch Imprisonment in Holland 
followed until he was exchanged early in 1667 He voyaged 
again to Newfoundland, but after fourteen years of naval 
service he resolved to settle m his native town I hope it will 
be more quiet and less dangerous ’, he wrote in his journal 
(Anon 1849) 

In 1670 while only m his twenty-fifth year but with a wealth 
of experience that would have sufficed most men for a lifetime, 
he started to practise in Plymouth Cases soon came A man 
tell Irom the topmast of a ship and fractured his skull from 
f5° wn i l ° ear e rec °vered under Yonge s care, and despite 
tne jealousy of colleagues, the new surgeon prospered As the 
result ot his marriage about this time to Jane Crampphorne 

nose tamily had influential connections, he was recommended 
as surgeon to *^ e na , va l hospital He was appointed but this 
was a circumstance that nearly cost him his life and posterity 
some interesting medical literature, as he almost died of spotted 
lever caught from his patients In 1674 he became Surgcon- 
Ueneral of the Navy s deputy at Plymouth and his worldly 
success was assured 

It was about this time that he began to wnte and achieve a 
more than local reputation for m 1667 he sent an account to 
the Royal Society of Antonv Williamson, who had a bullet in 
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his trachea for three years (Moore, 1900) His most important 
work, which contains the first description of the flap operation 
for amputation, was published in 1679 in circumstances that 
were almost accidental He visited London with the Member of 
Parliament for Plymouth, a Mr Sparke, in 1678, where, “ in an 
accidental congress of some chirurgeons ” (Yonge, 1679), con- 
versation turned on methods of arresting haemorrhage “ I 
quietly allowed each to give his opinion ”, writes Yonge (Anon 
1849), “ when I demanded if they knew a thing that could 
incomparably stop hemorrhage of a wound, secondly, if 
they could cure amputated stumps by consolidation They 
confessed their ignorance, and laughed at the second as impos- 
sible , but I so explained and discovered myself, that they were 
extremely satisfyed, and Mr Pearse gave me great thanks, and 
asked me to write more on it So I wrote my 4 Currus 
Tnumphahs Terebintho ’ ” The description of the flap 

operation is appended to this work on turpentine 

In 1682, he published 44 Wounds of the brain proved curable, 
the remarkable history of a child four years old cured of 
two very large depressions, with the loss of a great part of the 
skull, ” He describes a case he attended and quotes 
over sixty authorities to support his thesis that wounds of the 
brain are not mortal He wrote several other works during the 
last thirty years of the seventeenth century, but the two books 
described were his most important contributions to the literature 
of British surgery 

On 23 May 1702, Yonge was admitted an Extra-Licentiate of 
the Royal College of Physicians of London (Munk, 1878) 
At his examination he was asked 44 what difference was between 
a Gangren and a Sphacelus ”, to which he replied 44 one was 
sideration of all the parts not curable but by amputation, the 
other of the fleshy parts and otherwise to be cured ” He was 
then asked 44 the method of curing Gangren without amputation”, 
to which he gave a satisfactory answer 44 When I received their 
Licence ”, Yonge writes, 44 they all complimented me and made 
me sit down among them, We sat 2 hours drinking good 
ale and clarrett, and talking sometimes of news and sometimes 
of art ” (Moore, 1899) Later in the year, on 3 November, 
Yonge was elected a Fellow of the Royal Society 

James Yonge was now a person of consequence in his native 
town In 1694, he had been Mayor of Plymouth, and it is 
interesting to note that in 1703 his patients numbered 444, of 
whom 14 died (Anon 1849) From this time onwards he lived 
in semi-retirement, but his last recorded duty was his most 
famous Sir Cloudesley Shovell, commander of the English 
fleet, was returning to England in 44 The Association ” when his 
flagship was wrecked on the Bishop Rock near the Scilly Isles 
All the crew perished, the half-drowned admiral dying after 
being washed ashore His body, originally buried in the sand, 
was exhumed and brought to the citadel at Plymouth, where it 
was embalmed by James Yonge Thus he finished bus profes- 
sional career and in the seventy-sixth year of his age, on 25 July 
1721 (Munk, 1878), James Yonge died and was buried in the 
church where he had been baptized, namely, St Andrew’s, 
Plymouth 

F Tubbs 
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LEIDEN AND EDINBURGH 

A MEDICAL PARTNERSHIP 


The geographical progress of medical education is one of the 
most remarkable phenomena in the history of medicine 
Scientific medicine, as opposed to magical healing, had its birth 
place in Greece From Greece, it passed to Rome and Alexandria, 
then by way of the Moslem Empire to Salerno, the first great 
medical school of Europe Salerno yielded precedence to 
Bologna and Montpellier, and eventually Padua became recog- 
nized as the leading medical centre At the Reformation the 
restrictions imposed upon Padua and other Catholic Universities 
provided an opportunity for the newly established university of 
Leiden (Leyden), which was open to all, irrespective of religion 
From the date of its inception in 1575, Leiden University had 
a Faculty of Medicine There was a galaxy of distinguished 
anatomists, commencing with Peter Paaw, one of the founders 
of the school, and including Ruysch, who invented a method of 
injecting blood-vessels, Tulp, who was depicted by Rembrandt 
m 44 The Teacher of Anatomy ” and who was the first to describe 
the East Indian disease ben-beri, and Bidloo, who wrote a 
textbook of anatomy, beautifully illustrated by himself Another 
early teacher at Leiden was Francis de la Boe (Sylvius), equally 
distinguished as an anatomist and as an exponent of clinical 
medicine, one of the first to teach clinically, by the bedside 
The Leiden School, with its brilliant staff, attracted students 
from all countries As the teaching was in Latin it was intelJi 
gible to any person of education From England, Scotland, 
Ireland, and even America, students came to Leiden in increasing 
numbers Sir Thomas Browne graduated M D there in 1633, 
and from Scotland came a noteworthy trio, Sir Robert Sibbald, 
Dr James Halket, and Dr Archibald Pitcairne, who were 
appointed, jointly, in 1685, to the chair of Medicine in the 
Town’s College, which later became the University of Edinburgh 
Archibald Pitcairne, the youngest of the three, who attainea 
distinction for championing Harvey’s discovery of the circulation 
of the blood, was appointed to the Chair of Medicine at Leiae , 
where he numbered among his pupils Herman Boerhaave 
Richard Mead Mead became the leading London Physician 
of his day, and Boerhaave, who succeeded Pitcairne, rose , 
the most famous of all the Leiden teachers and one 
greatest physicians of all time T , . . „ cnr[ ,»on 

Another of Pitcairne’s students was John Monro, a surge 
in the Army of William of Orange, whose son Alexander Monr^ 
(primus), must share with Pitcairne the credit offoun g 
Medical School of Edinburgh John Monro envi S -j at 
for Edinburgh on the pattern which had P ro K ve f h f fi s rs u t C p“ ftssor 

Leiden, and he trained his son Alexander to be he 

of anatomy and the first of a dynasty ofthree A'exancler m o ^ 

who held the Chair for 128 years ^e ^^S^undcr of 
pupil of Boerhaave, and so was Sir John Pringle, me iu 

modern military medicine students con 

After the death of Boerhaave m 1738 ’ Sco “^“ s ‘' J theffl were 
tinued to frequent Leiden for many years Am 8 fewer 
four of the great family of Gregory, Much iprod«« g ® the 
than sixteen professors within a few ge. neratio; associated with 
four was James Gregory whose na ” 1 , e , is hl fijier as professor 
44 Gregory’s powder ”, and who succeeded his fatner as v 

of medicine in Edinburgh to the foundation 

Thus did Leiden contribute in large measure otn hnks * ete 
of the Edinburgh Medical School and 1 thus i further by 

added to the chain which had originally been lorgeu 
Archibald Pitcairne Douglas Guthrie 
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TWO MEDICAL TRUANTS' 


The study of medicine is long arduous and expensive Is it 
strange, therefore if some medical men having spen 
precious youth preparing themselves lor a medical career and 
having lived casually for a while with their lawful wedded wife, 
the muse of medicine, should suddenly be led astray by the siren 
call of other muses henceforth to live a htc of adultery with 
one of these 1 Some are foiced into medicine to humour a 
paternal whim Their profession soon becomes distaste u 
them so that they play the part of truant gladly Other 
undecided and vacillating in mind half-heartedly embark P 
a medical career, which after a time ceases to allure them 
they drift into some other pursuit A few deliberately tak p 
the study of medicine which they intend never to pracuse 
realizing the advantages of its scientific training as a prepara i 
for other callings . , -r 

Impressive in its length variety and distinction is the list o 
physicians and surgeons who turned to literature art po 
sport or murder lor a vocation a profession a means oi n - 
hood or a hobby Of those who fell enamoured of the muse 
of literature some continued to practise their art writing in 
spare time only while others forsook medicine almost as 

as they had qualified , 

It so happens that two truants appeal to the commemorati 
mind this year William Curtis who deserted medicine 
become one of England s most distinguished botanists an 
William Findlay who in his hours of leisure and in his enlorceil 
retirement strayed into the pleasant fields ol literature 


William Curtis, 1746-1799 

Already as a boy Curtis showed his love for natural history by 
spending his pocket-money on botanical books One ot ni 
greatest friends was Thomas Legg, ostler at the crawn in 
Alton a learned botanist in whose company he would ro 
the countryside Such an intimacy for their son sober paren 
might have deprecated and ambitious ones have contemned 
yet hence the youthful Curtis imbibed that taste tor , n 
knowledge which proved the source of his future fame and P r 
and above all of what is not always justly appreciated, ni 
happiness (Abraham Rees Cyclopaedia 1819 x) 

Born at Alton on 11 January 1746 the son of a tanner 
the age of 14 Curtis was apprenticed to his grandfather a local 
surgeon apothecary Six years later he went to London to nm 
his medical education becoming associated with a Mr taiv 
of M Gracechurch Street whom he succeeded in business 
The apothecary was soon swallowed up in the botanist 
the shop exchanged for a garden In 1771 Curtis sold 
practice and bought an acre of land in Bermondsey W" e re 
planted a botanical garden for his students for in addition 
h s medical pracuce he was demonstrator of practical oo y 
at the medical schools The following year he was appointed 
demonstrator of plants and praefectus horn to the Society 
Apothecaries In 1779 he acquired a more extensive garden at 
Lambeth Marsh which 10 years later the smoke ot Lonoon 
spoiling his plants he moved to a site now occupied by 
Brompton Hospital His first published work "as a hr t 
Instructions fur collecting and preserving insects ( 1771; 1 he a 

number of Flora Loiidineiisis was issued in May 1770 and 
of the Botanical Magazine (still published and edited at New 
behalf of the Royal Horticultural Society) in February 
the former in his own words, bringing him praise and the la 
bringing him puddmg 

1 lAn account ot many olhcr medical truants is to be found in Lord ^t^onihan s 
Linage Lecture Truants the story oj some ssho deserted mejutre set l P 

C ambndge, 1936 This is an expandec sersinn or rhe original lecture —mi l 



Wi fall 1 A M CUdUl •>, J* L X 
AtrcdOK ii? rut rx'XivA t < liiiuwisc 



An OM5.C' MIo» of .he 

the early age of a3 — _ D i Que on the wall 

London has two memorials to Curt's a pl-q h 1Ile 

I the building in Gracechurch Mrcet whicn occup ^ 

fj the Roval Botanic Gardens Kc* 


219 



Wailam Findlay, 1846-1917 

Of Wilham Findlay it has been claimed that in his Ayrshire 
idylls he did for Ayrshire what “ Gavm Ogilvy ” did for Forfar- 
shire and “ Jan Maclaren ” for Perthshire Born at Kilmarnock 
on 31 January 1846, the son of an engme-keeper, he inherited 
his literary gifts from his mother’s brother, Archibald McKay, 
author of the ballad “ My First Bawbee ” and of the song 
" Be Kind to Auld Grannie ” In 1866, he became a medical 
student at Glasgow, paying for his university education with 
his earmngs as a carriage-painter and as an unqualified medical 
assistant during the vacations, and even missing a term or two 
He was fortunate m having such teachers as the great Lister, 
Andrew Buchanan of blood-coagulation fame, and Sir William 
Tennant Gairdner He graduated MB, CM m 1870, taking 
the M D degree 8 years later For many years he practised m 
Denmstoun, a growing suburb of Glasgow, until m 1906 an 
attack of coronary thrombosis forced him to retire and to devote 
himself entirely to writing He died on 11 May, 1917 

Findlay’s earlier works, both prose and verse, were published 
under the pseudonym of “ George Umber ” The real name, 
as well as the pen-naitie of the author appeared for the first time 
on the title-page of Robert Burns ana the medical profession 
(1898) His Carmlna media (1902), which include such poems 
as To Opium , The Hypochondriac , The Consumptive , 
Sir Thomas Browne , Sir W T Gardner , Glasgow Royal 
Infirmary , and Therapeutics o’ GovvF, were written mostly in 
the Scottish dialect, a glossary being provided “ for the benefit 
of an ever-increasing number, I grieve to say, who have the 
misfortune to be unfamiliar with that tongue ’’ 

How highly contemporary poets thought of him is evident 
from the fact that they admitted him to membership of the 
exclusive Glasgow Ballad Club 

Of middle height and spare build, William Findlay impressed 
people with his shrewd kindliness, his ready humour, the charm 
of his conversation, and his luxuriant hair and beard Of his 
six sons, William became a noted portrait painter (now living m 
Los Angeles) and Leonard, an eminent paediatrician 
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THOMAS WAKLEY 


much other information) lectures for Which students paid five 
pounds a session Attacks on Wakley followed, but he retaliated 
by publishing accounts of maladministration in the medical 
schools and malpractice in the hospital wards This led to his 
involvement m much litigation, in which he was as often the 
loser as the winner Much of the book is devoted to Wakley’s 
battles in the courts and to the many other controversies in which 
he figured Dr Brook has obviously gone to a considerable 
amount of trouble to consult original sources for his material , 
this makes the book all the more valuable, for many of these 
sources are now difficult of access He has produced a fascinating 
chapter in the history of medicine m Britain One reads again 
of the “ row ” in 1 836, when the students from Guy’s Hospital 
were suddenly refused admission to the operating theatre at 
St Thomas’s (then adjacent to Guy’s), a privilege previously 
allowed, of the burning of Wakiey’s house m Argyll Street by 
sympathisers of the Cato Street conspirators, and of Wakley’s 
unscrupulous exposure of John Elltotson (“ Dr Goodenough” 
in Thackeray’s Pendemis) Elhotson sincerely believed in the 
curative value of mesmerism in certain conditions, but Wakley 
exposed him by a trick and almost brought to an end the career 
of one who was a friend of Dickens and Thackeray and who 
was held m high esteem by orthodox members of the medical 
profession Wakley’s work as a coroner and a member of 
Parliament is also fully recounted 

Dr Brook strives to show how the errors of the past can help 
to solve the problems of the future He believes that “ the age 
of the bottle of medicine and the smile as a doctor’s sole stock- 
in-trade is passing, and we now look forward to the advent of a 
new and intelligent conception of health and disease The 
fact remains that the family doctor is slowly but surely being 
squeezed out of existence The establishment of publicly provided 
diagnostic, supervisory and treatment centres has deprived the 
family doctor of much of his former work, and the time does not 
seem far distant when the domiciliary midwife and maternity 
unit will entirely replace the hurrying and harassed doctor wiin 
his instruments dll ready in his black bag ” , 

A book of such importance as this deserves a better format 
and more expensive production With so much of value wtween 
its covers, the lack of an index is a serious omission, anecim 
particularly the medical historian, who will assuredly consul 
this book But perhaps the author, in keeping with the advancea 
views both of himself and Wakley, feels that his book sMU 
be produced at a price low enough to make his story avatia 
to dll, and thus secure that appreciation of her0 , 
feels Is at present lacking [For price and other details, 
BMB 922 1 
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Thomas Wakley (1795-1862), founder and first editor of the 
Lancet, the most famous of all medical journals, is the hero of 
a new biography by Dr Charles Brook It is not the first 
occasion on which he has been the subject of the biographers, 
for the late Sir Squire Spngge, a recent occupant of the editorial 
chair of the Lancet, wrote a charmmg book on The life and times 
of Thomas Wakley, and his biography was also published in 
serial form m the Lancet in 1895, the centenary of his birth 
In Battling Surgeon, Dr Brook paints a vivid picture of a great 
medical reformer who devoted his life to fighting the corruption 
prevalent m hospitals and medical schools a century ago Many 
other notabilities of the period are included in this picture, 
making the book a valuable and interesting addition to the 
literature on medical history In the opinion of the author, 
Wakley was the most important member of the medical profession 
in Britain during the nineteenth century, surpassing even Lister, 
who was “ a mere pygmy by the side of Wakley ” 

This book reveals the great changes which have taken place 
m the last hundred years, for when Wakley received his medical 
qualification medical practitioners were not registered nor 
Droperly trained, there was corruption among the leaders of the 
medical profession, dissecting rooms were still supplied by 
resurrectionists and murderers, the treatment of hospital patients 
was often deplorable, and the adulteration of foodstuffs was 

SCi When ' Wakley founded the Lancet he began to attack these 
ih.Yses One thing which particularly incensed many of the 
leading medical teachers of the time was his publication of their 
lectures, thus making available for sixpence a time (and with 
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THE APOTHEOSIS OF PARACELSUS 


racelsus a genius amidst a troubled world, by jn 3 
lepnef, is, according to the dust-wrapper, th gnglish- 
npaign to introduce “ the true Paracelsus translations 
.ding public It will be followed by ^^ndg vo ] ur nc is 3 
the works of Paracelsus Basiho de Telepnef v ° { Gallw- 
irt biographical study, published by Zolhkofe ^ ernber 0 f a 
i most attractively printed The au ‘^nJ a^Entsiedeln, the 
racelsus Society which was formed gently 1 £, mn)en ded a* 
thplace of Paracelsus, and his study cah b containing 
ivfding a short (93 pp) and easily K^datte stuoy th * 
: essential facts of Paracelsus s life and w does not 

le of the English translation is peculiar, but vas 
istitute a serious obstacle to en i°y™ Cflt h s not the least 
LJnfortunately, however, the author shows 
itence to objectivity in his treatment o fore«mpe> 

itude is one of uncritical adulation, andhe pe. > wsrc *eil- 

the “ marvellous cures ” of Paracelsus as u m / 
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attested facts The allegation by Oportnus, Paracelsus s 
laboratory assistant, that Paracelsus was perpetually drunk 
is described (p 58) as ‘ the Basle calumny " and (p 87) as. the 
crassest instance of defamation by an ungrateful disciple , but 
we are not given the slightest hint of any reasons for disbelieving 
this allegation It is surely not inconsistent with what we know 
of the violence and extremism of Paracelsus s personal character 
that he should often drink, to excess It is, at any rate, a little 
difficult to believe in him as a teetotaller, and if some passages 
in his writings were not composed in a state of inebriation 
thev must have been the product of a mental state not far 
removed from it However, if one may judge from this short 
study by de Telepnef, the new Paracelsus Society is the organ 
of a Paracelsus Cult The most obscure verbiage of Paracelsus 
is holy writ, to be reverently searched for prophetic anticipations 
of modem scientific discoveries Dr J Strcbel in a short 
mtroducuon, refers to Paracelsus as this wizard ’ and says 
that the vitamines (sic) were clearly recognised by him 
In a similar vein, de Telepnef asks , 

were these clear notions of our modem * discoveries 
but visions of an enlightened seer, or (and much in Paracelsus s 
writings points to this latter conclusion) did some of the medieval 
alchemists ’ — their secrets locked safely under the sombre 
vaults of dark laboratories, their dangerous knowledge 
inherited from the ancient magicians wisely guarded in occult 
circles far aloof from the profane world — did they in fact know 
infinitely more than we, in our pride, deem it possible 1 
This uncritical — and almost irrational — Paracelsus worship is 
not a new phenomenon In 1837, a German writer, Quitzmann 
wrote of Paracelsus as the teformer par excellence and of 
Harvey, by companson as the author of a secondary dis- 
covery ’ Daremberg 1 appropriately commented 
Quoi 1 une decouverte qui change la face de la science une 
decouvertc qui contient en germe tous les progres futurs de la 
mddeeme, en un mot, la vdrite, la rdalite ne serait pas mule fois 
plus lmportante que des idees a priori, qui n ont eu d echo que 
dans quelques cerveaux predisposees aux aberrations ’ 

It would be impolite to attribute to members of the Paracelsus 
Society brains predisposed to aberrations ’ , but it is not too 
much to ask that their future publications should be inspired by 
a rather less mediaeval scientific outlook To imply, as 
de Telepnef does in an Addendum, that passages in the writings 
of Paracelsus have some prophetic relation to the atomic bomb 
is on a level with forecasts of the date of the Millennium derived 
from a study of the Old Testament or the architecture of the 
Great Pyramid 

N H J 
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history of a mental hospital 


n ,rea,ment of mental disorders ( ancient and modern ), by 
Kichard Eager, commemorates the centenary of the Devon 
Mental Hospital, which was founded in 1845 as the Devon 
v.ounty Lunauc Asylum The author of this little book was 
or thirty years a member of the hospital staff and its medical 
upenntendent for fourteen, and is therefore well qualified to be 
ns historian The first part of the book is a brief history of the 
P and treatment of the insane from the earliest time In 
ih» ln u t0 matters not strictly germane to psychiatric history 
author sometimes falls into error, as when he states that 
first explained the circulation of the blood in 1610 and 
1 died in poverty It is generally accepted that Harvey 
, tae first public exposition of his views in his Lumleian 
Lectures in 1616, and although his practice is said to have 
Jl off after the publication of his book on the circulation 
j. ? c ' e F knew poverty indeed he left more than £20 000 to 
minJ° ttler a Pdrt from other bequests The book contains 
y misprints and it is particularly disquieting m a history of 

hiremberg C. Hlsiolee des sciences medicates \oI 1 p 57 Pans 1870 


mental disease to come upon such distortions of well known 
names as Kraeplin * , Esquicol 1 , Shernngdon , and 
Wagner von Jaurigg ’ . . , r , 

In the second and third parts dealing with the history ol his 
own hospital, with recent advances in psychiatry, and with the 
changing outlook on mental disease, the author is on surer 
ground The story of a particular hospital, when fully told and 
well documented, is a source book of primary importance, and 
Dr Eager could have expanded that part of the book which tells 
the story of the Devon Mental Hospital and of the eminent 
physicians who have served it, to the advantage of his present 
readers and of future historians of psychiatry [For price and 
other details, sec BMB 921 ) . _ 
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JOHN HUNTER 


A bibliography of the works of John Hunter has recently been 
prepared by W R Le Fanu- librarian of the Royal College of 
Surgeons The list records all editions of Hunter s works known 
to the compiler , it does not deal with his contributions to 
periodicals nor with his case histones and descriptions of 
specimens posthumously printed in the catalogues of the 
Huntenan Museum The holdings of 25 of the most important 
medical libranes are recorded in each entry 

Mr Le Fanu points out that, besides their outstanding position 
m scientific literature Hunters books are of bibhographic 
interest because several of them were published at Hunter s own 
house, 13 Castle Street, Leicester Square, London He will 
welcome additions corrections and records of library holdings 
in order that a detailed bibliography of Hunter may be prepared 

L T M 
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DOMESTIC MEDICINE 

Among the numerous works on household or popular medicine 
which have appeared since the Regimen of the School of Salerno 
first created a taste for this type of literature none has enjoyed 
a wider circulation that Buchan s Domestic Medicine which was 
first rmblished in 1769 There have been many editions since 
then, P and the book is in use even to this day as a fa ™' ) ' T dc 
to health William Buchan practised in Edinburgh and subse 
ouenUy in London There he died in 1805 and was buned in 
Westminster Abbey Buchans treatise gives an interests 
oiemre of the times in which he lived He states that one half 
of the children bora in Great Britain die under twelve years of 
age and of smallpox, he writes ‘This disease is so general 
that few escape it at one time of life or another 

Douglas Guthrie 
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LIBRARY OF THE WELLCOME HISTORICAL MEDICAL 
MUSEUM 


Dr E Ashworth Underwood the director of the WeUcorre 
that" 1? catalogue 

1946. 31 paso- 
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person who is preparing a bibhogiaphy oi the works of any writer 
in the field of mediunc or the allied sciences, desires to include 
the location of known copies of the different works. Dr 
Underwood will be please to send him on request a list of the 
various works and separate editions of that writer which are m 
the library of the Wellcome Historical Medical Museum, and 
applications should be made to him in writing 

It is hoped to open the library for the use of students at an 
early date, and an announcement will be made to that effect, 
but meanwhile the above particulars will be supplied on request 
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SPANISH MEDICAL BIBLIOGRAPHY 

El Indtce Medico Progreso (Barcelona) This new periodical 
provides a monthly index of all Spanish medical literature The 
hrst number was published in April 1945 and comprises 4 
sections (i) A numbered and alphabetically arranged list of 
the periodicals covered, with date of publication of the issue 
indexed, (ii) a contents-list for the particular issue of each 
periodical, numbered as m (i), (m) an alphabetical author-index 
including all joint authors and (iv) a subject-index Number 12 
of Vol I will include a general index to the volume as a whole 
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SWISS MEDICAL BIBLIOGRAPHY 
Bibhogiaphia Medica Helvetica, 1, 1943 This is the first 
volume of a new bibliography of Swiss medical publications 
issued by the Acadenue suisse des sciences medicales in collabora- 
tion with the Bibliotheque nationale suisse It is to appear once 
or twice a year and will include all the publications which have 
appeared in the course of a year, but it is also possible to obtain 
separate parts referring to a particular subject The bibliography 
is arranged in classified order, according to the Universal Decimal 
Classification, with subject and author indexes There is also 
a table of the relevant parts of the classification This publica- 
tion may be obtained from Benno Schwabe & Co , Basel, price 
15 Swiss francs 
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THE CAJAL INSTITUTE 

Volume 36 (1944) of the collected works of the Instilulo Cajal, 
Ti abajos del I/istituto Cajal de Investigacioiies Bioldgicas, pub- 
lished annually under the auspices of the Consejo Superior de 
Investigaciones Cientificas, has recently been received It 
contains the following articles “ A Sheath enveloping the entire 
Ramifications of the Axon m the Motor Endings of Striated 
Muscles,” by J F Tello , “ Contributions to biological research 
Part II Animal Movements Migrations,” by Domingo 
Sanchez y Sdnchez , “ Experimental Poliomyelitis,” by J Sanz 
Jb5nez , “ Contribution to the Study of the Cerebellar Neuroglia 
of the Lamb,” by Demetrio Dimoff , “ New Staining Technique 
specially applicable to Sections of Organs of the Nervous 
System,” by Jose Luis Arteta Algibez , “ Contribution to the 
Histopathology of Human Lathynsm,” by C Ohveras de la 
Riva , “ The Mechanism of Excitation of the Chemoreceptors 
and Baroreceptors of the Glossopharyngeal Nerve, by means of 
a Reflex Arc between the Vago-afferent and Sympathetic 
Systems,” by F de Castro The first and third articles are 
accompanied by summaries in English and German and the last 
by a summary in English 
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TROPICAL SCIENCE IN SWITZERLAND 
In 1944 the Federal State Council for the creation of employ- 
ment approved the foundation of a Swiss Tropical Institute in 
Basel which was to combine scientific research with the training 
of medical men, missionaries, zoologists, veterinary surgeons, 
nharmacists, manufacturers, engineers, etc , for work in tropical 
and subtropical countries A tropical clinic was opened by the 
Institute in the Hilfsspital in Basel, with escaped prisoners of war 
md internees from Mediterranean regions, suffering from a form 
nf malaria very prevalent in tropical countries, as its first patients 
Thrteachmg acuvmes of the Institute include (*) a one-year 
l “Y„i tr 'nfral course at the University covering all matters of 
which a European travelling to the tropics should be at least 


rougldy informed, but with a slightly differing syllabi), for 
medical men , (b) a 3-year course for young people designed to 
give a thorough training for practical work in the tropics in one 
of three spheres, namely as a planter, sugar chemist or trader 
Diplomas are awarded for both courses Research on a number 
of malarial problems has already been begun, and it is thought 
that, with the post-war return of Swiss and other European 
business people, missionaries, etc, to Switzerland, the work 
o! the clinic and the scope of the Institute’s research will expand 
A comprehensive research index of tropical literature is being 
compiled to facilitate this work An expedition to West Africa 
was planned for the Jatter half of i945> to make direct personal 
contacts with the authorities there, to visit tropical institutes 
and hospitals and collect information regarding the diseases 
treated and the researches pursued therein, and to arrange for 
the possible visits of Swiss scientists for further training 
With the foundation of the Tropical Institute there came into 
being a new periodical, the Acta Tropica which, as stated in the 
foreword to Volume 1, is intended to be “ not merely the organ 
of the Tropical Institute but an independent international scientific 
review treating of the whole sphere of tropical science ” The 
Acta Tropica is edited by Professors R Geigy, A Gigon, f 
Speiser and R Tschudi, “ in collaboration with eminent Swiss 
and foreign specialists,” and published by Verlag fur Recht und 
Gesellschaft AG , Basel One volume comprising four numbers 
of 96 pages each is issued annually at a cost of Fr 30 (single 
numbers, Fr 9) The bound copy of Volume 1 0944) and the 
first three numbers of Volume 2 (1945) which have reached us 
amply confirm the stated aim of the Acta , which is to afford 
scope for the presentation of “ scientific research pure and simple 
as well as that undertaken with a view to practical application " 
in the fields of anthropology and ethnography, natural history 
of the tropics, tropical agriculture, tropical medicine, and 
veterinary surgery and medicine in the tropics A random 
sample of the titles of original articles will illustrate this 
Volume 1 The Influence of Polynesian Culture on New 
Caledonia and the Loyalty Islands , Tropical Medicine m the 
Middle East , India and the Dual Organisation , The Role ol 
Parasitic Worms m the Tropics , The Yellow Populations ol 
Africa , Progress in the Control of Typhus and Malaria 
Volume 2 International Campaign against Foot and Moutn 
Disease , Plasmodium vivax and Feulgen’s Nuclear Reaction , 
Phlebotomus in Switzerland , The Attitude of Catholic Missions 
to Native Art in the Tropics , The Secret Societies of west 
Africa , The Importance of the Medical Mission in Tropica' 
Medicine The articles appear m German, French or Eogusn, 
and are each accompanied by summaries in the other two lan- 
guages The international bilbiography included m each ■ 
is classified according to the decimal system and should pro 
invaluable to students of tropical science A book revi 
section and a number of short scientific communications 
reports under the heading “ Miscellanea ’’ complete the co 
of this well-produced and beautifully illustrated journal 

M B W 
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ROYAL COLLEGE OF SURGEONS OF ENGLAND 

General Annual Report of the Council, 1945 

BUSHED BY THE COLLEGE, LINCOLN S INN FIELDS LONDON L-> 
16 page .i j X 14 an - , 

This report, which covers the period August 1944 to jW W; 
ens with an account of the visit to the College ol H w 

WJth lublltl 0195 

i College of one of its greatest benefactors ^ 

rtant donation to the College was a gift £ ' ne s urgJ c 3 l 

abhshment and endowment of the Bucks o William 

■search Farm, Downe, Kent The death of Mr 
rkng Ball is also recorded xn the report wef0 at j mn t e d 

During the year 27 fellows and 571 me - slalc( j the 
examination In the previous report institute a final cxami- 
ention of the Council to so ck power toinsWi ate ^ of 

lion for Fellowship of the Collegi e adapted 10 * ^ 
hthalmological candidates This pr P ^ quak- 
ended to cover the case of otolaryngology 
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ficauon in dental surgery has for long been considered, and 
Fellowship in Dental Surgery ” has now been adopted as a 
suitable title 

Sir William H Collins has donated a further £100,000 to the 
College, for the endowment of the department of anatomy and 
the msutuuon of a chair of human and comparative anatomy 
Prof F Wood Jones has been appointed to this professorship 
The College is to appomt from time to time research associates, 
with the object of providing for interested persons a suitable 
association with the College and its museum 
In the department of pathology much thought is being given 
to reconstruction plans and to methods of arrangement and 
display m the future museum New specimens which have 
accumulated since 1941, over 600 in number, arc being classified 
and prepared for museum purposes 
The library office returned to the College during the year, 
and the reading room was reopened The return of the boohs 
from war-time evacuation is almost completed Accessions to 
the library include 100 volumes bequeathed by the late Sir 
Humphry Rolleston 

The research work briefly noted in the report is more fully dis- 
cussed m the scientific report 1 

During the year the College has maintained its policy of 
securing properties adjacent to its original buildings, plans for 
the rebuilding of which are under consideration 

1 [See BMB 6061101 J ■ [Sec BMB 893] 
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ROYAL COLLEGE OF SURGEONS OF ENGLAND 
Scientific Report for the Year 1944-1945 
PLBUSHED BV THE COLLEGE LINCOLN S INN FIELDS LONDON W C.2 
24 page*. 24 5 x 15 cm 

u H^partmetit of Pathology The newly-appointed Sir William 
H Collins professor of pathology, Dr R A Willis, commenced 
duties in Apnl 1945 Much preparatory work has been per- 
formed in connection with the re-estabhshment of the museum 
the specimens surviving from the 1941 disaster, which had been 
dispersed m various centres, have now been returned to the 
college Accessions to the museum during the year number 230 
, department of Anatomy During the earlier part of the year 
m wk 11 P reoccu Pation of the anatomical museum staff continued 
rpmft . su P e rvision of the dispersed specimens and the reception, 
vvxhai n and stora ge of incoming material Professor F 
ooa Jones was appointed to be first occupant of the Sir William 
coiiins chair of human and comparative anatomy Anato- 
cal research during the session has included an investigation 
m ° eso P 1,a geal vasculature Information on anatomical 
“ fji 13 ? been su PPhed to various enquirers 104 specimens 
Bprr.vT e j tlle anatomical museum during the year 

Baron Research Laboratories The work in these 
1941 «Pw eS i.^i lring P ast 5 years is summarized Up to 
havino^ ublished work on trauma and repair showed traces of 
1914 -i» en influenced by the investigations earned out between 
of inn.., i thereafter the outlook was influenced by the mass 
nutntmn -ru whlc h accumulated on growth, metabolism and 
to studvm Work ln tllese laboratories was therefore directed 
comt.n. u j tuechamsms involved in the maintenance of a 
protem volume ft was found that, after haemorrhage, 

circuit,*™ 8 ad ded to the extra-vascular fluid entering the 
came mrn,/? rest pre the blood-volume The added protein 
studies sh™ j 0r ? tlle Lver and partly from the muscles Later 
as raniHiJ >V ' ed 11131 P^ma protein moved out of the circulation 
protein 11 enter ed after haemorrhage The problem of 
human n-w!!, 1 , ls r was stacked by indirect methods, using 
destroveri , n a n °rmal individual the amount of protein 

net intake nf , 1S e 9 ua ' to the amount synthesized The 

or protein ,r? r ,k eL ? can estimated by determining the amount 
not absorb t3e f ood and subtracting from this the amount 
•he amoimi pf ln 111 e Sut From the urinary nitrogen content 
estimated in destroyed in the body each day can be 

of mfectne 1 , 11 became possible to study in detail cases 

data on ihe 'n S “d allied hepatic diseases, thus providing 
the nre\ ,I, t e °* Protein synthesis The value of metluomne 
nuon of hepatic necrosis was also observed It is 


widely recognized that excessive protein loss is an inevitable 
consequence of trauma, and is thus a phenomenon common 
both to hepatic disease and to injury The necessity for the 
assimilation of adequate protein by patients became obvious 
There followed the use of pre digested proteins (hydrolysates), 
the employment of which speeded up wound healing in patients 
previously showing no progiess on account of grossly inadequate 
protein intakes 

As an outcome of various reports of the above work, the 
laboratories were asked to provide the nucleus of a laboratory 
team to study the results ot the long food deprivation suffered 
by the people of western Holland and to report on the most 
effective treatment of the starvation slate A report on this work 
is being submitted to the Medical Research Council 

Dr F K Sanders has continued his work on peripheral nerve 
injuries , , , 

Details of papers published from the departments research 
laboratories during the year are included in the report (For 
review of previous report, see BMB 606/102 ) 
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LONDON COUNTY COUNCIL 


Interim Report of the Medical Officer of Health and School Medical 
Officer for the Year 1944 

LONDON P S KING 4- STAPLES LTD 194. 50 Pages. Is. 6i [£0 075] 

The interim report for the year 1944 of the County of London 
Medical Officer of Health and School Medical Officer (Sir 
Allen Daley) is the most comprehensive report of the senes 
published since 1939, and for the first time since then it quotes 
birth- and death rates . . 

The renort states that Londons population was down by 
40 %m 1944 compared with 1938, i e from 4,062,800 to 2,462 500, 
due°mamly to evacuation and war service , 

In spite of the ordeal caused by V 1 and V 2 and the continued 
strain of war, the general health of Londoners remained on the 
wlmle satisfactory ° Tables analyzing civilian air-raid deaths m 
London show that 17 811 civilians were killed in the admims- 
rtanvecountyupto the end of 1944 There were 8.4 498 
dwellings in London when the war started and of these 709 518 
were afeSed by bombing about 70,000 being complete y 
destroyed, 56,000 rendered uninhabitable and 66,000 seriously 
damaged 48 709 persons injured by bombing during the war 
were wnveyed to hospitals or first-aid posts by the London 

A Dunng'ffie waryeais there were about 660 bombing incidents 
at the London County Councils hospitals affecting all but 3 
of thl total number of 100 hospitals At no time, however, had 
urcent ^es “o be refused admission 17 of the hospitals had 
at various times to be evacuated and closed temporarily because 
of damage 257 patients were killed in air raids (out of a total 
of 1 200,000 patients admitted during the penod) and 62 hospi 
staff were killed 5,000 hospital beds were destroyed 

About 8,700 patients were evacuated from the ^ Councd s 
Bnsmtals during 1944 to hospitals in the province, and as part 
of the scheme the Council on behalf of the Ministry of Health, 
administered^ hospitals entirely new to the s Council in North 
Wales Yorkshire, Northumberland and Ayrshire 
W The maternity death rate in London is suU decreases ,^nd 
m 1944 reached the record low level of 17 per l.txxi uve oirms 
The maternity death rate has in fact fallen by more than half 

SI There were less births (44 554) m 1944 than m 1943 (45,030) 

s rs s ssj d«n«yi= 
Tit 
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culosis m London xs about twice, while that from other forms of 
tuberculosis is between three and four times, that in New York , 
and that the death-rate from influenza is much higher m London 
than m New York 

The nutritional condition of the great majority of London 
school children still continues to be satisfactory and is, in fact, 
better than in 1938, a great tribute to the work of the Ministry 
of Food Following the evacuation of children from London 
in 1944 there was no recurrence of the complaints about their 
condition which were received in 1939 On the contrary, many 
letters referred to the surprisingly good health and cleanliness 
of the children, especially m view of the state of London and the 
shelter life which then prevailed 

4,065 children were immunized against diphtheria during 1944 
by the medical staff" of the London County Council, making a 
total of 65,199 children immunized smce 1940, in addition to 
those immunized by the medical staffs of the Metropolitan 
Borough Councils By July 1944 about 68% of London 
elementary-school children had been immunized 

There was a decrease in the number of new notifications of 
tuberculosis (5,729 in 1944 compared with 5,848 in 1943) and 
also in the number of deaths (2,310, or 0 94 per 1,000 population, 
compared with 2,460) Miniature mass radiography examination 
of various sections of the public, for the early diagnosis of the 
disease, was continued during 1944 46,671 miniature films 

were taken and 1,795 large films (about 3 85% of miniatures) 
were taken in those cases where the miniature film disclosed 
any significant abnormality Particulars are given (page 26) of the 
classification of the large films For every 10,000 persons who 
volunteer to have them chests x-rayed, 24 are found to be m 
need of sanatorium treatment Over £120,000 was paid during 
1944 in allowances to patients undergoing prescribed treatment 

There were 206 deaths from influenza in 1944 compared 
with 726 in 1943, when there was an epidemic in January of 
that year Scarlet fever was appreciably less prevalent in 1944 
than in 1943 and there were 7 deaths compared with 11 m the 
previous year There were 2 notifications of smallpox in 1944 

There were 178,433 admissions during 1944 to the Council’s 
pubhc health hospitals 13,050 births (12,612 live births) took 
place in the Council’s general hospitals and, in addition, 5,924 
confinements at home were attended by the Council’s own 
mid wives (There were about 2 1 ,000 births a year m the Council’s 
hospitals before the war ) 

With regard to the Council's mental health services, there 
was a continued fall in the number of mental patients During 
1944 about 29,500 patients passed through the emergency 
(general) hospitals attached to the mental health services 

The report pays a tribute to the staff of the Council’s health 
services who, despite continued, and m many respects more 
acute, war-time difficulties, kept the services running efficiently 
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A NEW UNIT FOR RESEARCH INTO THE COMMON 

COLD 

it is announced that a “ Common Cold Research Uni t » 
has been established by the Medical Research Council and 
Ministry of Health, and that the work of the unit vvil have 
started by July, 1946 The Ministry of Health anTthe Mefil 
Research Council point out that the problem of the common cold 
is a particularly complex one, made more difficult because 
apart from chimpanzees, which are unsatisfactory for experi- 
mental purposes, it has not yet proved possible to study it m 
animals 


Progress towards the discovery of effective means of preventing 
a number of other diseases has not been made until some way of 
observing the disease in animals became available For example, 
an effective vaccine against yellow fever became possible only 
when rhesus monkeys, and later mice, were found to be susceptible 
to the virus of the disease Similarly, not until it was discovered 
that ferrets were susceptible to influenza virus was any progress 
made with the study of influenza Therefore, the first objeclive 
of the present investigations into the common cold is to find a 
susceptible animal or, better still, some other laboratory technique 
which will permit a scientific approach to the problem 
As a check on their laboratory studies, workers at the National 
Institute of Medical Research will, at least for the time being, 
require to test on human volunteers the cold-producing activities 
of materials they are studying Volunteers will first be isolated 
until it is certain that they are free from infection Then, after 
a few days’ quarantine, their noses will be sprayed with material 
to see whether or not it contains a virus While these observa 
tions are being made — for a period of 10-14 days in all— the 
volunteers will be out of contact with the outside world and 
each other except that, to obviate the boredom of solitary con- 
finement, they will normally live together in pairs Isolation will 
not involve complete loss of freedom, for the volunteers will be 
allowed to move about the countryside around the hospital, 
provided they avoid all human contacts, and will live in restful 
and comfortable holiday conditions Volunteers are already 
being recruited from among university students If more are 
needed later, an appeal will be made through suitable organi- 
zations Volunteers must be carefully selected, because special 
qualities are needed and an exact discipline must be maintained 
For this reason the Medical Research Council is selecting its 
own recruits, and applications from the general public cannot 
be entertained , , 

Progress towards the solution of the many problems wtuca 
face the medical scientists undertaking this research work is 
likely to be slow, and it would be unwise to expect any spectacular 
advance, at any rate in the near future 


More about early Ether Inhalers 


Smce we published, m our last number, a considerable amount of material on the 
history of anaesthesia, including the development of inhalers 1 , we have received an interesting 
paper on “ Ether inhalers m early use ”, by Dr William W Ford 3 , of Baltimore 

Dr Ford reproduces figures of the following inhalers Morton (USA, 1846) , Morton & 
Gould (USA, 1847), Squire (England, 1847), Gilbertson (England, 1847) .Tracy 
(England, 1847), Smee’s Portable 3 (England, 1847), Salt (England, 1847), Ualiard 
(country of origin not stated, 1847), Snow 4 (England, 1847), Liier (France, no ), 
and Chamere (France, 1847) Several other inhalers are referred to in the text -an 
interesting point made by Dr Ford is that trials of ether in France preceded those in tngmn 
by a few days On 15 December 1846, an unsuccessful demonstration of ether anaestnesia 
took place at the Hopital Saint-Louis, Fans 

«;«•» :r 

* New England Journal of Medicine, 1946, 234 713-726 
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I HE LIBRARY 


The Library 


Publications discussed or listed in this section nuty 
be borrowed by inquirers resident in the United 
kingdom on application to the Editor 
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A FRENCH WORK ON VIRUS DISEASE 

Professor C. Levadiu’s latest book (Precis de urologie mddlcale, 
150 pages, 142 illustrations, Pans, Masson, 1945) is designed to 
gne the physician and student some insight into current work 
on the virus diseases of man It is well pnnted and very freely 
illustrated, though, as is still the way with the French, the 
histological aspects arc portrayed in drawings rather than in 
photographs The reader wall obtain a useful survey, especially 
of the work of Levadius own school , the allotting of pages 
to the various viruses is rather closely related to the attention 
they have received in the authors own laboratory There is a 
freely illustrated chapter on virus techniques 
At this time many Continental workers arc visiting Britain 
and the United States to acquaint themselves with recent de- 
'dopments in research from which they have been cut off since 
1940 , 1945 seems accordingly a singularly unfortunate moment 
for a Continental worker to have attempted to produce a review 
of such a rapidly-moving subject as virology One secs, for 
instance, no menuon of Hirst s haemagglutinin test in influenza, 
described in 1941 and now the most generally useful laboratory 
method for workers on that disease Of references to authors 
f?,® many, but these are all, whether by design or oversight, 
rio-mi? the mr We read Levadm (1925)” or Blanc 
tujzi), but look in vain for a bibliography in which to discover 
wner* to pursue our studies of these authors wnungs 
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RADIOBIOLOGY IN FRANCE 

In a contribution 1 to the “ Collection des Actualitds Radio- 
lologiques” published under the general direction of MM 
and Biancam, Dr J Lavedan has given a brief summary 
nm action of penetrating radiations on the cells of normal 
.The book is in two parts In the first (48 pages) the 
discusses the relative importance of the effect on nucleus 
^plasm (chapter 1) , the changes in radiosensiUvity 
m itn with various biological funefions of the cell such as 

,v ^Smentation, metabolism and so on (chapter 2) , and 
“hT,„ mvertm g the problem” he describes the action of 
ri nrt ,„? a on Particular activities of the cell, e g mobility, repro- 
euo^V 6 ™ 00 . Permeability, etc (chapter 3) Here he 
fnnM^„ Lacass ? gnc ’ s desenpfion of the dissociafion of cell 
AnJ® produced by radiation as a “ physiological micro- 
pecubar to this agent 

faann.^r ., part of the book (S7 pages) deals with the physical 
mcchnn,?™ ra diation and includes some consideration of the 
™ of r tlle ac hon of radiation (chapters 1 and 4) , the 
radiation a wavelength and the time-factor (chapter 2), 
condm.n^T 1 ?^ mutations (chapter 3) , and a summary of 
of six Chapter 5) This is followed by a short addendum 
of radntm^ °d r^ent ideas about the mechamsm of the action 
least. h->vn I k Wtu<: k might more conveniently, for the reader at 
The him, n mcluded in earlier sections of the book 
mentioned U .n S u? hy IS ^appointing Nearly 300 names axe 
munes am 111 th e text, but only 96 references, comprising 65 
Lamaraue c < J uote< * m full Instead the reader is referred to 
complete literature ^ Do5c * where, he is told, he will find^a. very 

* Uau^*p aiU: ‘ 0ni J “ r h atMe formate Pam 1945 128 pages 

1942. bases physiques el blotoglques de fa roentgenthSraple Pam 
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YELLOW FEVER 


In 1932 members of the Rockefeller Foundation working 
on yellow fever m Brazil introduced the viscerotome to obtain 
specimens of liver for diagnosis of fatal illnesses This method 
has proved to be of inestimable value in studying the epidemiology 
of yellow fever, especially the jungle type 

In 1935 the French Government commenced similar studies 
, n French West and Equatorial Africa in order to define the 
endemic areas and detect any spread of the disease in an un- 
recognized form J Bablet has examined several hundred speci- 
mens of liver from suspected cases collected in these regions 
from 1935-43 As a result of these studies, and in order to aid 
the nhvsicians and pathologists encountering cases suspected 
to be vellow fever, he has (La /lire jaune, Pans, 1945, 69 pages) 
summarized briefly the clinical picture and differential diagnosis , 
the laboratory tests used in diagnosis , the best methods of 
nrcoanng tissues for histological examination and the specific 
d athological lesions and differential diagnosis of them 
P Bablet advocates the use of the viscerotome in -all patients, 
febrile or non febrile, jaundiced or not, who die in less than 
11 davs from the onset of their illness Pieces of liver and 
Vudnev where possible are fixed in 10% formalin and sent to the 
nearest ' pathological laboratory The advantage of the vis- 
cerotomy service is that personnel with no knowledge of medicine 

can collect the desired specimens , . 

As a result of the examination of his own material and the 
Href collection of specimens m Rio de Janeiro, Bablet considers 
S there is a histological picture which is specific for yellow 
SSL' The lesions, which are the same as those previously 
described from \V»t Africa and South America, consist of 
eSerakred fa«y degeneration and a coagulation hyaline necrosis 
fr^.^hnan lesion) and chromatolysis of the nuclei of the 
(Councilm chuefly in the mid zone of the lobule Once 

attention « drawn to the frequent occurrence of chrome 

more attention is oniAfncan and Synan taders who 

hepatitis among th ju This ]eslQn frequently 

ha n e ^ .he ^ufrclimcal picture of yellow fever, resulting 
* “ h to 4 days v“th lmle or no fever The previous 
? , dl mask those of yellow fever Councilman 

re 1 rare and there are extensive recent haemorrhages 
-mthor stresses the usefulness of the viscerotome w 

troDical countiies 


FRENCH VIEWS ON THE PROLAPSED 
INTERVERTEBRAL DISC 

itenerrtbraiu Prof D J?ent£ oQ the surglC al aspect of 

res t e “l on 50 of ttaFown cases and will certainly 

natica It is oaseu c rP neh-soealang medical world, 
e of great value to the f ofwew they are in almost complete 
From the chrncal ISSS^SnmthoB as regards history, 
greement with lograp hy is employed m every case, 

y-mptoms and signs Myelograp y 0 f saaUca 

SfSi recalcitrant ^ctaomcaUy ^fg^S?So«n P w a0 n may 
tie operation is indicated anyw y, , is0 ]ated hypertrophy 
« due to “ fumcuhtis gross spondyl- 

if the hgamentum flavum, arachnoid f 0l ' d f the authors 

rthntis ■ Fully aware of the nriaoM^ ^ 

fthf fnfofthe opemtionfS order to prevent what they call 

inaesthesia, occasionally s “dudSl bdate^l Ablation of two 
avour a large exposure, mcluomg protruding 

Ze, and of the articular P practised 

fagments are removed lnre^nt^oises ^ ^ of ^ claim 

jostenor rhizotomy This is among 50 cases of which 

hat no true relapses were bse ijmor complamts such as 
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backache, are admitted to occur, but only for short periods 
The indications for osseous grafts are considered to be practically 
non-existent 

Conservative treatment should always be tried first, except 
in cases of paralysis and cauda equina lesions If after adequate 
bed-rest and the other usual measures, there is no improvement, 
a surgical belt is often employed , in cases of marked spinal 
deformity this is preceded by the application of a plaster jacket 
to be worn for one or two weeks 

A well documented and illustrated discussion of the possible 
aetiology, anatomy and pathology of the lesion is a great asset 
to the book, as are the numerous radiograms and operative 
sketches The lucid presentation should acquaint many with 
a sound way of dealing with an incapacitating malady, for the 
understanding and treatment of which these two authors have 
done outstanding pioneer work m France 

F Schiller 
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BIOENERGETICS 

Samuel Brody’s Bioenergetics and growth 1 is a monumental 
work and will become a classic In just over a thousand pages 
the author presents succinctly and yet comprehensively an 
integration of the results of the researches of the Agricultural 
Chemistry Division of Missouri Agricultural Experiment Station 
concerning the quantitative energetic efficiencies of agricultural 
processes such as those concerned m the maintenance and in the 
production of meat, milk, eggs and muscular work, along with 
the principle of diminishing returns and its relation to planes of 
nutrition In addition, consideration is given to the relation of 
the speed with which these transformations occur to the efficiency 
of the process, and to the influence of the size of the producing 
animal on the efficiency and profit of the productive enterprise 
The book is also concerned with nitrogen metabolism, with 
growth, development and aging, and with the catalysis of these 
processes 

The one hundred and fifty-fold increase of the human popu- 
lation in the past 100 years in the USA is held to be a direct 
consequence of the progress m agricultural production 

Here we have both scientist and philosopher, for the author 
has felt the need for a unifying principle when writing this 
immense work which would interrelate all the various components 
The concept of physiological regulation as enunciated by Sher- 
rington when he stated that “ the organism acts as though it 
desired to maintain itself ”, or, more recently, by Cannon when 
he coined the term “ homeostasis ”, comes nearest to meeting 
the need for such a generalizing principle The philosophic note 
in which this remarkable book ends is that the future trends of 
human behaviour and social phenomena, although unpredictable 
and the despair of the social scientist, are at the same time the 
hope of humanity , for man is given an opportunity to mould 
'his destiny that is not permitted to other species that are subject 
to more determinate, orderly IawS D P Cuthbertson 
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TRYPANOSOMIASIS . A NEW MONOGRAPH 

In the abstracts which appear month by month in the Tropical 
Diseases Bulletin and the Bulletin of Hygiene, and in the Bulletin 
of War Medicine during the war, the Bureau of Hygiene and 
Tropical Diseases records the current literature on subjects 
coming within its fields of interest From time to time the 
Bureau has been asked for information on some particular 
branch of medical work to be collected together in the form of a 
monograph for the greater convenience of persons concerned 
•with a special problem This is a service, which, because of its 
dav-to-day abstracting organization, the Bureau is favourably 
olaced to perform Such a monograph has recently been 

, ~ , nrr i growth with special reference to the efficiency complex in 

%%TsUcanlmZh, by Samuel Brody New York, Remhold Publishes Company 
1945 1023 pages J8 50 


compiled for the Tsetse Fly and Trypanosomiasis Commmw 
appointed by the Secretary of State for the Colonies, Jd tZTh 
designed to meet a particular need it is thought that its publication 
may prove useful to a wtder public “ A survey of recen™ 
on trypanosomiasis and tsetse flies " is therefore now published 
as Bureau of Hygiene and Tropical Diseases Review Monograph 
No 1, and provides a brief statement of the work done and 
f° me , °J the opinions expressed, by those who have worked at 
' 1 P rol3!ems concerned with trypanosomiasis since 

1931 The monograph is obtainable from the Bureau, Kennel 
Street, London, W C 1, price 7s 6d ffO 375 J 81 pages, 1916 
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A RUSSIAN SURGICAL CLASSIC 

N Pirogov The foundations of general war surgery 2 volt Moscow, 1911 
tin Russian ] 

Seventy-five years ago, Pirogov published his classic work 
on “ The foundations of general war surgery ”, basing his 
studies on his experiences m the Crimean War and the Caucasian 
Expedition In 1 941 these two historic volumes were republished 
in a new edition by Prof N Burdenko Burdenko states ta 
his foreword that this work is a most valuable contribution to 
war surgery, although it was written so many years ago, and 
that it is still a fundamental guide to surgeons all over the world 
Pirogov’s voluminous treatise deals with the study of traumata 
and of the general reaction of the body to trauma, with the local 
reactions to trauma, with the study of wounds, their course and 
complications , further, with the study of gun-shot wounds, 
complicated and uncomplicated, with the treatment of wounds 
of soft tissues, infected and not infected, with the study of 
plaster bandages and, finally, with wounds of cavities if one 
remembers that 75 years ago all these subjects were hardly 
investigated and described and also remembers the primitive 
conditions available in those days, one can judge what a tre- 
mendous task Pirogov undertook and how magnificently he 
achieved his object H W Sv,ann 
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SOME RUSSIAN SURGICAL WORKS PUBLISHED 
DURING THE WAR 


L Schneider Tromplontotion of skin by the sieve method Novosibirsk, 19-M 
[In Russian ] 

The author strongly advocates the method of skin transplanta- 
on described by the American surgeons Dragstedt and Wilson 
1937 The method consists of a transplantation of the i wnoie 
ickness of the skm (without the fatty layer), which is perforate^ 
many places to resemble a sieve The author S* co f£ L bes 
ns method even in emergency operations and also descn 
any other operations, where this method has oe en ™ 
iccessful The author also devotes yPf' a ' The 
e defect should be prepared for the trai ns ars 

>ok is based on personal expenence dunng a penod of G y 

id describes not only the successful cases, but also me wu 

A Negovsky An experiment in treating conditions of agony and dimca 
the front line Moscow 1943 [In Russian J , . 

This book 13 a sequel to the author’s previous ^tudy^ 
storation of life functions of the b y arrie£ j out at the 
;ony or clinical death The experiment ^ 5J ca5CS 0 f 

jnt line during a period of four month m t j icre w as 
ony and clinical death were treated and . tra nsient effect 
complete cure In 37 cases y of their 

id the patients died later .on accotuB of U*scv of 

mnds Only 2 cases did not responu i of ever y 

mscitation The author gives minutes, m which a 

se He emphasizes that the ‘ ^L*J,£ st v ltaI The thorough- 

^f^^^^^^preceded by a pcnod 
& ,hc raon “”‘ 
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ctssaUon of the heart acuon and respiration The aim of this 
book 13 a study of certain aspects of the pathology and physiology 
of the dying process and the subsequent restoration of the me 
(unctions of the body There is a detailed study of the functions 
of rtspirauon and circulation of the blood, of the metabolism 
and the resistance of the central nervous system to anaemia 
The experiments were made on animals, which were subjecte 
to complete loss of blood There are also some experiments 
on the resuscitation of asphyxiated new born babies 


1 A. Kcpjlor AirputctiM end t>e eirptuud Uninxrad 1 9X3 fin Ru«un ] 

This IS a short, but rather detailed, account on amputations 
The author first gives a historical survey and describes wnat tne 
imperfections of amputations were in the past and then P r ° c £ cd 
to outline how the optimum results can be obtained, and now 
amputations should be done at the front so as to facilitate t 
work of the surgeons in the rear One chapter deals with tn 
transplantauon of the skin to cover up defects and another vvitn 
the problem of how to shorten the period of hospitalization o 
the amputated 


E. Siilundicn fhrz^thercpr in ~cr mju/ie*. Lemntrad 19X3 1 1" Rumin ] 

In the general part of the book the author deals with the 
physiotherapy which can be provided near the front line ana 
the different stages of evacuation of wounded and -also v l i 
the equipment which is necessary for that purpose The spec 
part of the book gives a review of a large number of tnjunes 
where physiotherapy is essential It deals particularly with th 
use of physiotherapy in gunshot wounds of all kinds, gas g 
grene, injuries to bones and joints, congelations and burns, 
finally to injuries of the nervous system The book also & 
complete list of all necessary forms for statistical purpose 


BOOKS FROM FRANCE 

904 

B Fty & P Truchot LUrajrcpfiie Intra-Vcmnae- Mmon « Ce P»r« 15+1 
209 pajes , 

This is a valuable treatise on the subject of excretion d™grap y 

Thegreaterpartofitconsistsofreproducuonsofxray jji 

normal and diseased conditions of the urinary hm at tention 
an adjoimng note which explains the points to w m f 

is directed In the text a fuU account is given of the ongm ox 
this method of investigation the technique to .^hnique 
possible accidents which may follow imperfecti den ^ d f T q om 
and a discussion upon what may be expected to t h e 

mtravenous urography Th ^ re n a ff es c e ha t Se ? pe aal“ses of the 
important renal diseases and in these “e P methods 

method are discussed It is rightly pointed out , . ^ least 
of urological investigation this is the in a fore- 

unpleasant, and the most illuminating PtoI r r * adl0graphs 
word remarks that the precise int ^ r a e ^l ow °edge urologists 
reqmres an expert with specialized kno b „ that first- 
everywhere will agree with him for they ,b^° staIlces a diagnosis 
class x rays are Genual and that £ ™“ y b ^“n1he urologist 
can only be established by c°ns^au°nb^ have employed as 
and the radiologist concerned The au n a tab ,„ 1S gjven 

an injection 50 cm * of tenebryl of- 3 ° £ s Hevoted to the method 
of suitable doses for children A chapter respect is 

as a test of renal function mid its great value w uu ^p^ of 
emphasized AttenUon is fr ^uently comparison of the relauv e 
the test of von Lichtenberg, which is P t Q f Ravasul which 

shadow densiues of the two sides, an e drug m each kidney, 

studies specially the time of appearan Udney These two 

the earlier shadow indicating the to be m agreement and 
tests are usually but not always fo ^ mce iy balanced, 

judgment upon the results ot tne shadows produced m 

Little space is given to tne ma rtam that otoscopy is 
excreuon urography a J ld ,' v “ > 1 l le . hin g further might have been 
a more accurate method sometnuig frequ£nl ]y shows the 
said as to the value of this for it not t ^ regarded 

need of further mvesugauons whicn m w 


iiirvi-niiniii; English readers will find the table de matieres 
“Kate "t is what they will cal! merely a list of ‘ contents * 

A true mdex of subjects, methods, diseases and names would 
add to the value of the book 

It is notable that this volume was produced in Paris in 1944 
The tv dc is excellent, the paper of good, though not the finest, 
nuahtv P and suitable for the reproduction of radiographs 
English writers who have experienced great difficulties in getting 
ffieir* books 'published during the war will be amazed that this 
was possible^ during the German occupation Fortunately it 
has been done and a valuable book for study and reference has 
resulted 

° n k a ? m ost every mstance the dye used had parapheny - 
enffiam ne aT.U base The book is divided into five parts I 

on SKM 

by^them* semuuvity tt? such dyes ” The re 1S a bibliography of some 
50 references and the book is well illustrated 

P.erre MolUret & l«n Bertrand L Hypcrtomc dc diciribra Von ebez J Homme 
Mi«on Panj, 1 9-4S 

This monograph by two members of the staff of the Salpetnere 
This case 0 r a man with so-called decerebrate 

Snffjsss s d Ji» g or',u e s, 4 

A comprehensive bibliography is appended 

R£m/ Adncn Delaunay La pbuallu*. Pros'* Doc ume nu.r« Pa» 19XS 
Second edition. 

The author sets out to collect, and present m a small volume 
aoSsible To any educated reader, the essential facts in our 
nresent knowledge of pemcilhn • After a brief historical note, 
he dSnbL the culture of pemalhum, the extraction constitution 
and ^experimental and therapeutic action of penicillin m some 
detail concluding with a chapter on Other bactericidal sub- 
stances of fungoid or bacterial origin There is a bibliography 
of 115 references 

__ <7 fh Hodinot Traitenert cfiinir£icc/ dc I arthrite sccHe de la hcnchc 

L S , ££* S at C/UuV 0%lpie,<ua el la FacalU dc Iran Maccon. Pane 

This work by the professor of paediatric and orthopaedic 
surged It Lyons and his co-workers is based on the authors’ 
long clinical experience The first and mam part deals with the 
surgical treatment of rheumatoid arthritis of the hip After 
describing the condition in detail, the authors consider the various 
types of operation they have used in the course of 25 years, 
ending with a chapter on the indications for the different opera- 
tions This part is completed by a list of 108 case histones 
The second part deals more bnefly with the surgical treatment 
of rheumatoid arthntis of other joints while the third part 
s a collection of articles descnbing the authors work on ortho- 
paedic surgery during the last few years Some of these have 
not been published before though most of them have already 
appeared in journals The book is well illustrated but has no 
uidexT and the only bibliography is a short one attacned to one 

thp thirri nart 


/if articles 


Hirvprrstes non t-ierct/e^ses ct kemep yucs s-rs c cseu (G Dom & Cie. Pans 
1945) by Jx*.quex Lecaeur 

The author has made a systematic study of 65 cases of non- 
tuberculous haemoptysis and here presents the results of 
diagnosis by means of bronchoscopy and bpiodol broncho- 
graphy The first two chapters comprise preliminary discussions 
of the diagnostic problems of haemoptysis and the relative value 
of these two methods of diagnosis , the subsequent chapters 
(IV-IX) are devoted to a detailed and classified study of results m 
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the author’s own cases The causes of 55 of these were revealed 
by bronchoscopy , of the remaining 10, 5 were identified by 
means of lipiodol bronchography, 5 alone being still unidenti- 
fiable after both methods had been used 


<H>5 

BOOKS IN SPANISH 

Oxigenoterapia (Manuel Marin, Barcelona, 1945), by J Chabas, 
editor of the Revista de Higiene y de Tuberculosis, will, writes 
Dr Maraflon in his foreword, do much to increase the prestige 
of this valuable therapeutic auxiliary, which has not hitherto 
received all the recognition it deserves Dr Chabas devotes 
30 pages of his book (Parts 1 and 2) to a discussion of the theory 
of oxygen therapy, covering such problems as anoxia in respira- 
tory and circulatory pathology, basal metabolism and the 
pathogenesis and diagnosis of endocrine disorders, acid-base 
equilibrium and blood pH, and many others the third part 
gives a preliminary description of the various types of apparatus, 
the technique of treatment, the possible accidents and risks which 
have to be considered and the effects of hyper- and hypoxygena- 
tion The fourth and main part deals with oxygen therapy in 
diseases of the respiratory system, the circulatory and digestive 
apparatus, and the nervous system, in gynaecology and obstetrics, 
in infectious diseases, and in surgery, and a final chapter con- 
siders its possibilities in a miscellaneous selection of diseases 
from cancer to sprue Brief sections on ozone and carbon 
dioxide therapy are appended 

Plantas medicuiales arotnaticas o venenosas de Cuba (Habana, 
1945), by Dr Juan Tomas Roig y Mesa, chief of the chemistry 
department of the Agricultural Experiment Station at Santiago 
de las Vegas, is one of a series of technical publications of the 
Cuban Ministry of Agriculture As stated m the foreword, this 
2-volume monograph seeks to give as complete and exact an 
account as possible of the medicinal and poisonous plants of 
Cuba, to provide students of botany, pharmacy, medicine, 
agriculture and veterinary science with a work of reference, to 
stimulate Cuban scientists to further study of the local medical 
and toxicological flora, and finally to encourage the cultivation 
and development of indigenous and acclimatized medicinal 
plants A preliminary groupyig of plants, according to their 
uses, precedes the mam body of the work, which gives details 
regarding synonyms, habitat and distribution, botanical descrip- 
tions, therapeutic properties and references for further reading, for 
over 1,500 plants Three separate indexes ( a ) of common Cuban 
names, (6) of scientific names and (c) of names in common use 
in other American countries, complete this comprehensive study 

La pemcilma y sus aphcaciones en oftalmologia (Mexico, 1945), 
by Antonio Ros, represents the content of a lecture delivered 
by the author at a meeting of the Sociedad de Medicos of the 
Hospital Espafiol, Mexico, and “ sent to the printers without 
further corrections or additions ” Brief introductory sections 
on the clinical importance of penicillin and the history of its 
discovery are followed by a review of its properties, clinical 
value, effects, toxicity and dosage, and finally by a discussion of 
its applications in ophthalmology — particularly as a prophylactic 
medium in the surgery of the eye — in relation to the author’s 
own practical experience Illustrative case-histones and a 
bibliography complete this concise account of the new drug 
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PUBLICATIONS FROM BARCELONA ON THE 
PROBLEM OF THE ABANDONED AND DELINQUENT 

CHILD 


The following have been received from Barcelona 
Matuch, F & Cordoba, J Higiene social de la mfancia, Barce- 

Alb6 °Marti 9 R Cuatro colomas agricolas para menores moral - 
mente abandonados> Barcelona, 1942 
Alb6 Marti, R El tribunal tutelar de menores de Barcelona en 
pi ana 1943, Barcelona, 1944 


Alb6 Marti, R, El tribunal tutelar de menores de Barcelona m 
los atlas 1939 y 1940, Barcelona en 

Alb6 Marti, R Estadtstica de los factores influyenies en el 
extravio de los menores ingresadas en 1944, Barcelona, IMS 
Baletln de Actividades de la Junta Provincial de Proieccidn dt 
Menores, Barcelona, 1945 
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JOURNALS RECEIVED 

Vol 1, No 1 of the Journal of the Palestine Arab Medical 
Association, “ the first Arab medical periodical to be published 
in Palestine," appeared in November 1945 In addition to the 
Arabic section it contains five onginal articles, a "General 
Medical News ” section and two brief reports “ Comparison 
of various types of local treatment m a controlled senes of 
experimental bums in human volunteers” and “ Intradermal 
use of convalescent serum ” in the English language As stated 
in the foreword, this Journal is designed to meet “ a long felt 
need among Arab medical men for a local periodical in which 
can be recorded for study and reference the results of their 
research and experience, especially in endemic and other diseases 
peculiar to the country and to the Mediterranean basm " 


Cllnica Tisioldgica (Rio de Janeiro) Vol 1 (1944), which has 
just reached us, reports (in nine signed articles) the scientific 
activities of the clinical staff of the Hospital Miguel Pereira, 
which has recently developed from a hospital for the surgery 
of chest disease into a centre for the diagnosis and active 
treatment of pulmonary tuberculosis 


Ciencia e Investigacidn (Buenos Aires) The twelve numbers 
comprising vol I (1945) of this monthly journal, published 
under the auspices of the Asociacidn Argentina para el Progreso 
de las Ciencias, have recently been received The journal is 
intended to give a general account of present-day developments 
in the exact sciences, not to publish highly specialized aiuat 
in any particular field Each number contains three or tou 
signed articles, a book review section, a number of briet no 
on recent researches m various parts of the world, and in j° r , 

on the activities of the Asociacion This is a most stimuli S 
attractively produced scientific monthly, which sno 
interest to workers in all branches of science 

* * * 

Cirugla del Aparato Locomotor (Madrid) The 
of Vol II (January 1945), which has just : reached us, 

6 signed articles and short sections devoted to reviews oi , outmJ* 
medical books and to abstracts of articles from gn 
respectively The journal is published quarterly 

iM-sr « % 

to 8 onginal papers, 2 the retina, abstracts 

of 5 lectures on the vascular Society’s twenty-third 

of papers read at tbe TtaTKE *<£$£ Vb»* f '»" 
congress are given A final section w 

foreign literature 

Andes Espaholes de Odontoedcmatohgta The 

monthly journal is now in its fift y received contains 

fss SVTvS :SJ 3 Ar 

abstracting sections ^ 4 

Prdtesis (Buenos Aires) This £ now hi its 

the Sociedad Odontologies Argenfi^ de dact d and dh£ 

unth year of publication i and is * been received,^ 

-ft ^ lha ' 
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Pubhcaciones del Institute) Aniitubcrculoso 'Francisco Aforagas” 
(Barcelona) Volume VI (1945) comprises two sections the 
fint reproduces the text of a course of 6 lectures, given m April 
1944, under the heading “ Physiology of the Neuromuscular 
System of the Lung " , the introductory lecture, by C. Zalabarder, 
bears the title of the heading, while the fifth and sixth lectures 
by the same author deal with 4 Atelectasis ” and * The Lessons 
of Thoracoscopy and Monaldi’s Method" respectively The 
remaining lectures of the course arc " Respiratory Physio- 
mechamcs and its Value in the Pathology and Therapeutics of 
Pulmonary Tuberculosis”, by J Argeml Lloveras, 44 Clinical 
Disagreement with Mechanical Ideas”, by E. Alegret, and 
“Anatomy and Physiopathology of the Pulmonary Regions,” 
by I. Blajot Pena, La the second section H Sanjudn Nadal gives 
an account of his researches on the biology of Koch's bacillus 
under the Utle of “ Some Problems in the Bacteriology of 
Tuberculosis”, illustrated by a number of photomicrographs, 
and accompanied by a bibliography 

* • • 

Reusta Jbdrlca de Parasitologla (Granada) This quarterly 
publication from the Instituto Nacional de Parasitologla of the 
University of Granada is sponsored by the Consejo Superior 
de Invesngaciones Cientificas The January-Apnl 1945 issue 
(VoL V, Nos 1 and 2), which has recently been received, contains 
a lengthy thesis on bowel obstructions caused by Ascaris , an 
article on the susceptibility of domestic and wild animals to 
Spirochaeia hispanica, and Part II, Chapter III of a compendium 
of Ibenan helminthology, the heading of which is 4 Familia 
Taemidae Ludwig 1886 ' 


OTHER BOOKS RECEIVED 

Bandty, M & Brocard, H Les septicimies it staphylocoques 
252 pages Pans, J -B Bailhire, 1945 
Cambessdd^s, H & Boyer, J Hygiine des institutions de plem 
air 172 pages Pans, J -B Bailhbre, 1946 
Chauchard, P Le systime nerveux et ses mconnues 126 pages 
Pans, Presses Umversitaires de France, 1944 
Counter, R Endocnnologie de la gestation 399 pages Pans, 
Masson, 1945 

Duhamel, G Regimes ahmentaires usuels de Vadulte 169 pages 
Pans, J -B BaUibre, Pans, 1946 


Goum, J La leucocyto reaction Element de diagnostic et de 
therapeutique Applications en syphihgrap/ue, dermatologie 
et mideclnc ginirale 252 pages Paris, Masson, 1945 
Guillain, G Bertrand, I & Gruner, J Les ghomes infiltres du 
tronc ciribral 286 pages Pans, Masson, 1945 
Hunez, C , Dumont, R , Patoir, G & Leborgne, J Les 
gonococcics sulfamido-risistantes 61 pages Pans, Masson, 

1945 

Kolff, W J De kunstmatige mer 200 pages Leiden, Kok, 

1946 

Mallet-Guy, P & Maillet, P Hypoglycimies spontanies Le 
traltement chirurgical de Vhypennsuhnisme 102 pages 
Pans, Masson, 1944 

May, R M La formation du systeme nerveux 300 pages 
Pans, Galhmard, 1945 

Mihan.G La syphilis occulte 181 pages Pans, J -B BailhJre, 
1946 

Monmer, J La pimcilhne a la portie du praticien et son emploi 
dans le traltement des maladies \enenennes Pimcilhne et 
syphilis Pimcilhne et gonococcle 148 pages Pans, 
J-B BailWre, Pans, 1946 

Pefia, A y E La reseccldn transuretral de la prdstata 150 
pages Madnd, Ediciones Morata, 1944 
Pohcard, A & Galy, P Les branches Structures et mecamsmes 
d l itat normal et pathologique 191 pages Pans, Masson, 
1945 , . J 

Sanz Ibdfiez, J Pohomiehtis experimental 127 pages Madnd, 
Consejo Supenor de Invesngaciones Cientificas, 1 944 
Sidt, E Les accidents cutanis des teintures capiltaires La 
sensibiliti d la paraphenylinedianune 151 pages Pans, 
Edihons Medicates Flammanon, 1945 
Suarez, F G La carditis reumatica (carditis nodular estrepto- 
focal recidnante) Error es de la doctnna clasica Tratamiento 
profilactico de las recidnas 235 pages Madnd, Ediciones 
de los Estudi antes Espanoles, 1945 
Unburu, J V Oclusidn intestinal Tratamiento medico medtante 
el sondeo aspirador y medidas asociadas Con im apendice 
sobre la aspiracidn en cuugla gastnea 377 pages Buenos 
Aires, El Ateneo, 1945 

Varela Fuentes, B , Recarte, P P & Gratia, A Alergia en la 
practica clinica 974 pages Buenos Aires, Espasa Calpe 
Argentina-S A , 1946 
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Personnel Selection in the British Army in 
1944 : Recruits 

niade by Shell Film Unit, 1945, in co-operation with the Directorate 
or Selection of JPersonnel, War Office , owned by Central Office 
o f Information , 16 mm sound, 2185 ft [660 m.], 35 mm sound, 
5446 ft [1630 m ] , black and white , 56 minutes 

910 

Personnel Selection in the British Army in 
1944 t Officers 

made by Shell Film Unit, 1946, la co-operation with the Directorate 
of Selection of Personnel, War Office , owned by Central Office 
of Information , 16 mm. sound, 3591 ft. [1080 m.] , 35 mm. sound, 
8898 ft [2670 m.] , black and white , 90 minutes. 


These two important films are the second and third of the 
44 Report from Britain ” senes— the first was Neuropsychiatry 1 
They are made for audiences with psychological training but 
though their appeal is greatest for psychiatrists they would be 
understood and enjoyed by anyone interested in the problems 
of selecting candidates for jobs, or in vocational guidance 
Personnel Selection Recruits shows how recruits are assessed 
during their first two weeks in the Bntish Army so that they may 
be posted to the type of job for which they axe best fitted and in 
which they will be most useful and happy The scheme is 
explained to the recimts by a PSO (personnel selection officer) 
Then in classes, supervised and guided by sergeant instructors, 
they do a senes of six tests For one of these, the progressive 
matrices test, the amount of earlier formal education is un- 
important others, for example an anthmeuc test, reflect 
previous education as well as innate ability and a test of physical 
agility is included. A test originally designed for clerks only, 
but found to be more widely reveahns and useful, is checking 
a senes of items in two differently arranged lists 
1 (For review icc B 774.9 — Eo ) 
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The performances of large numbers of recruits in these tests 
are referred to and illustrated by a distribution curve They have 
been classified into 5 groups , group 1 includes the top 10%. 
group 2 the next 20 %, and so on 

According to the group into which his marks in each of the 
six tests comes, the recruit completes the battery of tests with 
six selection group (S G) marks Each job m the Army has 
been studied by a “job analysis” to discover the qualities 
necessary in a man to carry it out All jobs are grouped into 7 
categories, motor-diiving, signalling, clerical, general duties, 
etc , and each of these has minimum SG marks But these 
tests do not give enough information for satisfactory posting to 
the specialized units, and the recruits go on to a further senes of 
tests In one they have to assemble simple tools such as a 
bicycle pump , another, which sifts out those suited to be 
signallers, involves noting similarities in morse sounds 

With their SG marks and special-test results before him, the 
PSO interviews all the recruits individually, and reviews and 
corrects the details they have earlier recorded about their 
education, work records and hobbies Some recruits are referred 
to the psychiatrist (two psychiatric interviews are shown m this 
film) Everyone m the bottom grade of marks sees the 
psychiatnst, some have given an unfair impression of their 
quahties, some are mentally quite unsuited for Army life, some 
will go to make up smart and useful units in the Pioneer Corps, 
where they are among their peers and not given jobs beyond their 
powers The psychiatrist also sees some of the outstandingly 
good recruits, for the PSO is always on the outlook for men 
likely to make good officers 

When the recruit has completed his tests and interviews, tie 
PSO considers the results and sums up his quahties and aptitudes 
and makes first, second and third choice or recommendation 
of suitable postings for the man In making these recommenda- 
tions the PSO is guided by the needs of the Army at the moment, 
of which he is kept fully informed 

The report sheet on each man with his marks and the PSO’s 
summary and recommendations goes to the War Office and 
here the data are transferred to a Hollerith punched card 
Thousands of these cards are dealt with daily by a sorting 
machine which at any moment will give the number of men 
available with various combinations of abilities needed to fill 
the many units the Army has to keep up to strength 

Personnel Selection Officers shows a group of eight candidates 
throughout their three-day stay at a WOSB (War Office Selection 
Board Umt) They have the scheme explained to them and 
make written answers to question papers ranging over many 
topics From these answers a provisional estimate can be made 
of their capabilities During the daytime they undergo field 
tests under military testing officers Judgment as well as agility 
is needed for these, some of which are tackled in pairs and some 
in groups Sometimes a group is left wjthout a leader to see 
who provides the initiative , sometimes , one of the group is put 
in charge to see how he can bring out the best of his teani In 
the evening, discussion-groups are unobtrusively watched by 
members of the selection Board Three of the eight candidates 


are followed more closely and we understand why the preliminary 
meeting of the board asks that they should see the psychiatrist 
Two unrehearsed psychiatric interviews are shown These 
sequences are of great interest and they reflect great credit on 
the director and psychiatrist, for they conyey the easy and 
unhurried way the psychiatrist feels his way from the candidate’s 
remarks to further questions The relation of the contributions 
of military testing officers, psychologist and psychiatrist to the 
work of assessment is conveyed by recurient animated diagrams 
throughout the film The president of the selection board 
interviews all the candidates himself and when all the interviews 
and tests are completed the board meets The shots of this 
meeting show that while, as in older methods of selection, it is 
still the president of the board who makes the decision of 
accepting or rejecting <1 candidate, he now has not only the 
opinions of the military testing officers and the impressions 
earned at his own interviews with the candidates, but also the 
reports of psychologist and psychiatrist on the intellectual 
capacity and personality of each candidate At the end of the 
course the group are asked for suggestions for improving the 
methods, and the unsuccessful candidates are told that they may 

^These* litas show a social use of applied psychology which 


5p!i°i^ S lar S e im Pkcations in civilian fields, and though thev 
ncfl nir h o a com PjP su bject, by first-class direction and the wise 

and vivid 8ramS ’ thCy remam (CSpeC,alIy the officer fi'S 1*3 
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Education of the Deaf 

nmde by Data Film Unit, 1946 , owned by British Council 
16 mm sound, 1520 ft [460 m ] ; 35 mm sound, 4680 ft [1400 m ]’ 
black and white , 52 minutes nwimj, 

The film starts with a demonstration of the tragedy of the 
young otosclerotic shut off from her family, and then shows he 
greater tragedy of the child deaf at birth or rendered deaf in 
infancy Without special care, the child would be doomed' to 
be dumb and, therefore, virtually an idiot also The adult can 
be helped by suitable deaf-aids selected for her by careful audio- 
meter- and speech-tests, but the child is a more difficult problem 
She is sent to a special school when 3 years old , here she learns 
first of all to copy her teacher s lip-movements, and then to make 
noises As tune goes on she learns to make speech-like noises 
and by the time she is six can speak recognizably a large vocabu- 
lary, and understand much simple conversation by lip reading 
At seven years of age the class is divided into two halves those 
with residual hearing who can appreciate the noise from ampli- 
fying earphones, and the totally deaf Amplifier classes are 
shown, and then the advanced lip-reading classes, but even here 
lessons are taken entirely by speech By 16 years the children 
have practically the attainments of their normal colleagues 
They are taught Hades (the school is partially self-supporting 
from the activities of its trade trainees) and a job is found for 
them Many, in spite of complete deafness, have fine singing 
voices, and dance with a keen sense of rhythm to music they 
cannot hear The film ends with a conversation between the 
mother of the deaf child and a young woman deaf from birth 
who has trained at this school 
It is an absorbing film, masterfully made with a reserved, 
unobtrusive technique, in which the sequences are left long 
enough on the screen for their natural dramatic content to be 
appreciated No mention is made of the obviously high incidence 
of eye-defects among the young children, but clearly these cannot 
be treated until they have learnt to comprehend and communicate 
with their doctors An admirable film, well suited for showing 
to a wide audience-range the advanced work earned out at the 
Christie Institute for the Deaf Brian Stanford 

"the Development of the Rabbit 

made by Gaumont British Instructional, 1943 , owned by British 
Council , 16 mm sound, 1280 ft [380 m ] , 35 mm sound, 
3200 ft [960 m J , black and white , 40 minutes 

This film is an important contribution to the teaching of 
embryology, a branch of biology in which films are essential 
It gives a clear and interesting account of the development oi 
the rabbit, with references to sea-urchin, trout, frog ana ctucx, 
indicating the evolutionary background of mammalian 

en The°reproductive organs of the female rabbit are shown by 
dissections and supplemented with good &*&**?? c t £ v a er $ 
emnloved Diagrams are used to illustrate the liberation 
eggs the passage of sperm along the oviduct, and implantation 
of the fertilized egg in the uterus An excerpt from the very 

remarkable and beautiful Canti film show'scleav’ageofthehng 
mammalian egg Early development of 

of embryonic membranes are desenbed 0 f 

b The 3 " ^Development of the rabbit ” attains 

as an instructional film Photography is e imp[0 vemenis 

judicious use of good diagrams 
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pointed out that it has limitations in this respect, its outstanding 
defect being the omission of discussion of the male reproductive 
organs Incidentally it should be made clear that not all animals 
eat the placenta, lest it may be thought that humans share this 
habit with rabbits Mary Johnson 

913 

The Life Cycle of Pin Mould 

made by Gaumont British Instructional, 1943 , owned by British 
Council , 16 mm sound, 370 ft [110 m.] , 35 mm sound, 930 ft 
[280 m ] , black and white , 10 minutes 


By the use of speeded-up photography, good diagrams and 
a commentary remarkable for its clarity and absence of technical 
terms, the observer can get from this film a clear and accurate 
picture of the life history of a common mould within a few 
stimulating minutes The growth of hyphae from spores, and 
their ramification through the medium, the development of 
Sporangia and the liberation of spores are beautifully shown 
Protoplasmic movements in hyphae and spores can be seen 
Diagrams are used to illustrate the fusion of (+) and (— ) hyphae 
and the formation of a resting spore This is a most successful 
example of the exploitation of films for teaching biology 

Mary Johnson 


[Overseas medical teachers and medical societies who wish to borrow or purchase prints of the films 
indexed or reviewed here should apply to the nearest British Council representative ( see page four 
of cover ) or direct to the Editor, quoting the numbers used, e g Film 909 Inclusion of a film 
in this section does not imply that a print will be available for loan or purchase In some cases it 
will be, and in others it will not ] 
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914 

Aviation Neuro-Psychiatry 


R N Irons, de & I R C Batchelor EDINBURGH E. a. S 
LIVINGSTONE LTD 1943 viu I 167 PAGES 22 * 14 cm. 8s 62 
LCO 423] 

(I) TLe aviator and his environment (u) selection for flying (ui) flying 
confidence (iv) the neuro-ps>chiatnc examination (v) the etiology of neurotic 
reactions to flying the psi chological reaction types (vi) the psjcholojpcal 
reaction types — their characters (vu) the psychological reaction types — their 
prognosis (vm) the ps> chological reaction types — their prophylaxis treatment 
disposal (ix) sickness in the air (x) disturbances of consciousness in the air 
(xi) neurotic visual disorders (xii) migraine syndrome and other types ot heap 
sxfie (xui) unclassified nervous disorders (xiv) head injuries- their compu 
cations and prognosis for flying (xv) prognosis for flying after injuries and 
diseases of the nervous system Index 


The advantages of a systematic psychiatric classification based 
on causes are so patent and alluring that it is no wonder that 
unsystematic attempts at creating new causal categories are often 
made in psychiatry, especially when the cause in question is a 
prominent and widely operating one Compensation neurosis 
has been an instance of this in civilian hie, and shell-shock 
in the 1914-18 war Aviation, especially in wartime, affords 
striking evidence of the same tendency flying stress and 
‘ aeroneurosis ” are diagnoses that imply a direct connection 
between the stresses of flying and the lUness to winch they may 
give nse Such tmphcaUons hav e proved unacceptable on cluneal 
grounds moreover, they have psychological and social con- 
sequences which may be detrimental m tie same way as shell- 
shock "was™ But thus does not mean that an all round know- 

asst;*-, or 

. . .u natient lives and works and the 

£e patient, or he ' ' The UcaUon of 

more intimate 'he knowledge “ r Ironslde ^ Batchdor> 

from t0 fi«VE U nH cxnenence in the field, give a straightforward 
ao-nnm nf thi rdat onslLp between health and hazards in 
S They mention in their preface that the book has wholly 
r. cw ln w overseas far from libraries the gain 

been written on serv experience much outweighs any 

m directness, bothof style an^ ^ fir$t part of ^ 

disadvantage ansing ^ normal individual A. preliminary 
deals with , oclca i ditficulues inherent in flying covers 

MOV effects of accelerauon (especially upon vision and 

con°s^oufnessf cold 0t and fatigue In the follow, ng chapters, 


on selection for flying, and on flying confidence, there is little 
detailed technical information, but much sense A practical 
chapter on history taking and methods of examination lead to 
the body of the book which deals with neuropsychiatnc disorders 
in aviators By means of concise case records, the variety of 
clinical pictures is illustrated, and point is given to the discussion 
of their causation and outcome The authors make no claim 
that any of the varied forms of neurotic illness they describe are 
peculiar to flying , minor effects due to the special circumstances 
of flying duties occur, but the writers do not admit such a term 
as aeroneuroses Chapters on aetiology, symptoms, prog- 
nosis, prevention, treatment and disposal are followed by more 
detailed consideration of sickness w the air disturbances of 
consciousness, visual disorders, headache, stuttering, somnam- 
bulism, and head injury There is a valuable final chapter on 
the prognosis for flying after injuries and diseases of the nervous 
system 

Here and there the book reveals some of the over simplification 
that is almost inescapable under wartime conditions , for 
example, the reader might infer from some passages that a neurotic 
disorder cannot be the direct outcome of a constitutional dis- 
ability But the book is intended to be a practical clinical 
guide, not an exhaustive textbook and it admirably fulfills 
its purpose 


CHEMOTHERAPY 


915 615 778 2d 


The Sulphonamides In Theory And Practice 


J St eaart Laurence LONDON H. K. LEWIS A CO LTD 19-6 123 
PAGES 21 1 14 cm. 9s. [£0 43] 

(0 Introduction (li) mode of action and relam e potency of the sulphonamides 
(m) pharmacology of the suiphonamides (iv) general considerations ^v) 
orga n is ms susceptible to the sulphonamides (vi) regional affections (vu) the 
sulphonamides in traumatic surgery (viu) toxic effects of the sulphonamides 
(ix) common abuses of the sulphonamides (x) sulphonamides or penicillin 
(xi) laboratory tests References Index 

Since the introduction of sulphonamides to cluneal practice 
in 1935 there has been such a vast number of papers published 
about them that the general practitioner (together with most 
other people who have had reason to handle them) has been in 
great need of some simple gihjie to enable him to see the wood 
among all this multitude of trees The need was met in part by 
the memorandum of the Medical Research Council on the Medical 
Uses of Sulphonamides which embodied the views of most of 
the British experts on this subject. But this memorandum was 
(intentionally) dogmatic m form and it did not give sjstematic 
references to the literature or indications of the actual results 
which had been reported after sulphonamide treatment of the 
different infections Accordingly there was still a demand for 
a conase book on the sulphonamides, giving more of the back- 
ground than the Medical Research Council publication did and 
such a book has now been produced b> Dr Lawience 
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. ^^fter a brief historical introduction, the mode of action and 
the relative potency of the different sulphonanudes are discussed 
The next chapter describes the chemical formulae and charac- 
teristics of the sulphonanudes now in clinical use, together with 
their absorption, distribution, excretion and other pharma- 
cological properties Then the mam principles which should be 
observed m the administration of sulphonanudes are considered 
and a useful table is given, showing the dosage recommended 
tor the different compounds in different circumstances The 
following chapter describes the use of sulphonanudes against 
infections by haemolytic streptococci, pneumococci and other 
organisms sensitive to these compounds Subsequent sections 
deal with regional infections, e g those of the unno-genital 
tract, with dermatological conditions and with the local applica- 
tion of sulphonanudes to wounds and burns The possible toxic 
effects of these compounds are described and some abuses in 
their employment are noted Finally methods are described for 
estimation of the concentration of these drugs m body fluids 
and for testing the sensitivity to them of organisms which have 
been isolated 


The book is well written and the author has shown skilful 
judgment in making his account long enough to include a 
summary of the mam reports of each aspect of the sulphonanudes 
but short enough to be readable and easy to consult He 
recommends sulphamezathme as the most suitable sulphonanude 
for routine use, because of its high potency and low toxicity 
But sulphadiazme is recommended for all moderate or mild 
infections and sulphathiazole for severe ones Sulphapyndine 
has only a limited sphere of usefulness owing to its toxic effects 

The writer of any book exposes a large area to criticism, and 
although Dr Lawrence has been very careful there are some 
points to which objection may be made Thus, many people 
may think that he is unduly gloomy In believing that sulpho- 
nanudes are more dangerous than a general anaesthetic and that 
some degree of visceral damage is nearly always produced In 
the chapter on laboratory tests only a method of estimation by 
means of p-dimethyl ammo benzaldehyde is described , it would 
have been well if the more widely used technique of Bratton 
and Marshall had also been given Sulphamezathme was surely 
first introduced for cluneal use by workers at Manchester, even 
though Roblin may have recorded its examination in the labora- 
tory at an earlier date There are several other minor mis- 
statements A more important defect is due to the difficulty of 
preventing books of this type from becoming somewhat out of 
date during the interval between composition and publication 
In the present instance, few important developments have 
occurred in sulphonanudes during the past two years, but in 
several fields they have been replaced by penicillin to a greater 
extent than this book recognizes, eg in the treatment of 
staphylococcal infections , less extensive encroachments on the 
field for sulphonanudes will presumably be made by strepto- 
mycin This defect is only partly remedied by the two pages 
discussing when to use sulphonanudes and when to use penicillin 
which appear like a patch applied after the mam part of the 
book had been written 

However, these are minor criticisms The book can be strongly 
recommended as an account of the clinical uses of sulphonanudes 
which is concise enough to be readable and yet gives a good 
account of the more important articles on each aspect of the sub- 
ject The practitioner will find it easy to consult and clear m 
its advice as to the action which should be taken in the different 
circumstances which may confront him 

F Hawking 
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EMBRYOLOGY 

611-013 

Book Of Practical Embryology 


P N B 0 fairs LONDON OXFORD UNIVERSITY PRESS, 1945 
63 PAGES , 30 ILLUSTRATIONS 23 1 17 cm 7s 6d W- U75] 

This laboratory atlas contains a series of 27 line drawings of 
sections of pig-embryos (6 to 10 mm) Each illustration is 
faced by a page of descriptive text The line drawings are on a 
iaceu wy v & clearly produced m black and white The 

book is an admirable supplement to the student's textbook of 
embryology 


232 


ORTHOPAEDICS 


917 

Injuries Of The Knee Joint 616.728.3 

I S, Smillli, EDINBURGH, E 6: S LIVINGSTONE LTD, 19+i 

II + 320 PAGES , 350 ILLUSTRATIONS 25 x 17 an. £\ l'u [£l 7}], 

tl) The importance of the quadneept , (lit traumatic synovitu and iuem. 
arthrosis , (id) tho iurgical artatomv and physiology of the mcniici and 
of their faiuriej , (tv) wrgicat pathology of the mealed , (v) clinical ftawmstf 
internal derangement* or the knee joint relative to the meniLi , (vi) SaSeat 
after treatment, and complication* of injuries of menisci , (vu) Injuries oflSf 
menu , (viu) injuries of extensor apparatus , (ix) fractures of ubia and femur 
involving the knee joint , (x) loose bodies of traumatic origin , foreign bodies , 
(xui^theUiVknee'* f°Jfj t x and surroundln 8 issues , (xn) certain other injuries , 

Mr Smillte’s book is a very complete and detailed account of 
every aspect of trauma of the knee joint Most of the material 
is derived from nearly 5,000 cases of knee injury drawn from 
Service personnel, miners and industrial workers during the 
years from 1940 to 1945 The book contains much original 
work by the author and some new ideas which will be of interest, 
specially to orthopaedic surgeons even if, as the author suggests 
w his preface, they do not always agree with him 
The author makes a valuable contribution in the emphasis 
laid throughout the book on the functional result and the im- 
portance of bearing this in mind from the beginning of treatment 
The importance of early and accurate diagnosis is also repeatedly 
stressed It is pointed out that by these means many unsatis- 
factory end results can be avoided, m particular with regard 
to injuries of the menisci which have been the cause of a consider- 
able loss of manpower as the result of joints being unable to 
stand the severe stress of modern battle-training 
The very full chapters on memscal injuries are excellently 
illustrated with photographs of every type of lesion, and the extent 
of the author’s material is illustrated by the fact that he can quote 
1 1 cases of complete regeneration of the meniscus and 19 cases 
of partial regeneration The author’s own operation for repair 
of the anterior cruciate ligament is described In it the medial 
meniscus is detached posteriorly, pared down and threaded 
through a hole bored in the lateral femoral condyle ror 
ruptured posterior crucial ligament a similar operation is des 
cnbed using the lateral meniscus detached anteriorly and passed 
through the medial femoral condyle Too few cases have as yet 
been performed for any definite opinion to be formed, out 
results appear to be encouraging 
It has been stated that the patella has no important function, 
but Mr Smilhe points out that it serves to carry the extensor 
tendon away from the centre of rotation of the knee and .so * 
creases the mechanical efficiency of the quadriceps Lpr 
reason a more conservative attitude to patella fractures is 
cated, and he advises retention of the major fragment in 
where the injury is of moderate degree . Th 

The book is well produced and excellently lllustra ed ids 


line The book can be recommended as a compile f 

latmg treatise on a very important subject which should 
interest and value to all surgeons j S L 

9U 

Anatomical Atlas Of Orthopaedic Operation* 

L S Michatlts LONDON WILUAif 
BOOKS) LTD 1946 67 PAGES, 73 ILLUSTRATIO 

£1 5 ’ LC125] 

This book is intended for qwek reference and practical 
to the surgeon, in particular one who does DOt .J place 
occasion to perform orthopaedic °P eratl °5 s the gating theatre 
may be said to be in the surgeon’s room oftheoperau s 

and, on occasion, m the operating theatre in orthopaedic 

While not attempting to describe approaches and 

sureerv, it covers a wide field of the staoaaro ccncral 

procedures Those which should be of most helptojh 
surgeon are the approaches to bones, joints and 
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while, in addition, the booh includes an outline of the more 
generally practised procedures, such as amputations and 
incisions of the hand and foot 

The descnpuon of each operauon is short but clearly and 
concisely set out under the subheadings of position, incision, 
progress and notes on any parUcular difficulties that may be 
encountered The lUustrauons are excellent, in parucular the 
coloured anatomical drawings, and the booh is well produced 
and of a pracucal size and shape It should be of great value 
to the practising surgeon and also a very useful reference to the 
student for the higher surgical degrees 


TUBERCULOSIS 

919 616 24-002 5 
Pulmonary Tuberculosis. A Handbook For Student* 

And Practitioner* 

R YKeersvB G Rjgdcn EDINBURGH, E. A S LIVINGSTONE 
LTD, 1915. xu T 2X5 FXGES 121 PLATES 19 x12 cm. 17»- 6d- 
LCO 8751 

CO Historical survey (ii) bacteriology (ui) pathology (tv) epidemiology 
and resistance (v) symptomatology (vO examination of the patient (vn) 
radiology (vrn) differential diagnosis (lx) prognosis (x) treatment general 
principles (xi) treatment collapse therapy (xii) treatment symptomatic 
<nn) complications (xiv) after-care (xv) tuberculosis as a national problem 
Index. 

This is a new handbook, addressed particularly to students 
ffftd practitioners of pulmonary tuberculosis at the present Ume 
It includes a full description of the advances in diagnosis and 
treatment which have been made during the last 20 years 
Sufficient information is given to give the student reader a good 
introduction to the subject while the general practitioner will 
be enabled to obtain from it an outline of present-day therapeutic 
measures 

The chapters devoted to the clinical aspect of tuberculosis are 
the fruits of the authors considerable experience in sanatoria 
The lUustrauons include a number of excellent skiagrams Some 
expansion of the index is called for in a book of this type 

A NEW DICTIONARY 

920 61(038)=918 5 

Krdtkt Siowmk Lekar&ki Angielsko-Polski 

Short Anglo Polish Medical Dictionary 

Opratozal B 7 ’ "Tomas'^vi’shi EDINBURGH, E. & S LIVINGSTONE 
LTD 1945 163 PXGES 14 x 11 cm. 8s. 6<L LC0 42SJ 

This Anglo-Polish medical dictionary, the first of its kind, 
should be a useful addiuon to medical literature During the 
svar the Polish School of Medicine was established at the 
University of Edinburgh and the need for such a book became 
apparent Many who attended that school acquired with their 
medical knowledge an acquaintance of British medical literature 
and a better understanding of the English language For some 
tune Poland will have to look abroad for much of its medical 
literature and in this connecuon this little dictionary should 
prove of value There are useful supplements dealing with 
weights and measures symbols signs and abbreviations surgical 
instruments medical schools and licensing bodies in Britain, 
prescribing etc 
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616 89(09) 

The Treatment Of Mental Disorders 

(Ancient And Modern) 

Rxebcrd Eager LONDON IL K. LEASTS A CO LTD 194^ 100 

P\CBS 7 ILLUSTRATIONS. 19 x12 cm. [T0-375J 

Histone (u) the first mental hospital (Li) the King is afflicted (iv) reforms 
i (v) the building of the Devon Mental Hospital (vi) early addition* 
s till further extensions necessary in spite of cost (>xu) provision for the 
and further minor improvements (ix) the medical staff (x) the nu rsin g 
(xi) the chaplain (ui) artisan staff (xui) general conditions of patients 
proved treatment (xv) more modem advances (xvD increasing pubLc 

(For review see S \{ "* S3 1 
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61(092) 


Battling Surgeon 

CbarltJ Brook GLASGOW THE STRICKLAND PRESS 1945 Vi 
PAGES PORTRAIT 22 x 14 cm. as. 6d. LCO 125 J 
[For ret tew see B MB 832 J 


NEW EDITIONS 

923 616 71-001 5 


A Complete Outline Of Fractures 

including Fractures of the Skull. For students and 
practitioners 

J Grant Bonrin SECOND EDITION LONDON WILLIAM 
HEINEMANN ( MEDICAL BOOKS ) LTD 1946 xiv + 658 P\GES 693 
ILLUSTRATIONS 22 x 14 cm £1 10s. [£1 51 

(i) General (ii) repair of fractures (ui) signs and symptoms of fractures 
(tv) principles of treatment (v) immediate complications of fractures (vi) late 
complications of fractures (vu) treatment of wounds (vui) treatment of 
compound fractures (ix) treatment of non union, delayed union and mal 
union (x) immediate operative treatment of fractures (xi) war surgery of 
fractures (xii) apparatus (xui) plaster of pans technique (xiv) anaesthesia 
(xv) fractures of the skull vault and base (xvi) fractures of the face and jaw 
(xvii) fractures and fracture dislocations of the spine (xvui) fractures of the ribs 
and sternum (xix) fractures of the clavicle (xx) fractures of the scapula 
(xxi) fractures of the humerus (xxii) fractures of the radius (xxui) fractures 
of the ulna and both bones of the forearm (xxiv) fractures and dislocations o r 
the carpus (xxv) fractures of the metacarpals and phalanges (xxvi) fractures 
of the pelvis sacrum and coccyx (xxvii) fractures of the femur (xxvui) fractures 
of the patella (xxix) fractures of the tibia and fibula individually (xxx) fractures 
of both bones of the leg (wed) fractures of the lower end of the Ubia and fibula 
(ankle) (xxxii) fractures of the tarsus metatarsus and phalanges (xxxiii) dis- 
locations of the jaw and upper extremity (xxxiv) dislocations of the lower 
e xtrem ity Appendices Index. 

In the five years since this book was first published much 
experience has been gained in the treatment of fractures, especially 
the compound variety, and this is embodied in the second edition 
which has been revised and considerably enlarged by the author, 
who has himself made his contribution to these advances while 
serving as orthopaedic specialist with the Army 

Among the additions is a chapter on the operative fixation 
of fractures, which covers all current methods and contains 
illustrations of apparatus The inclusion here of a diagram of 
Parham’s bands might be helpful to the modem student A 
useful appendix on operative approaches to bones and joints 
has also been added Another new chapter is that on the war 
surgery of fractures The author lays down clearly the principle 
of expert treatment of the fracture as early as possible and, m 
the meanwhile, treatment of the wound prevention of infection 
and safe and comfortable evacuation, with a wise warning 
against primary suture, at any rate by the inexperienced. The 
Tobruk plaster and thoracobrachial box illustrate this principle 
and amply justify the space given them though they are unlikely 
to have any prominent place in peace-time surgery and so should 
be mainly of historical interest to the coming generations of 
students 

An adequate account of the use of the sulphonamides, peni- 
cillin and proflavine has been added to the chapter on the 
treatment of wounds A small omission here is that no mention 
is made of any adverse effect on the efficiency of penicillin in 
the presence of other drugs such as oxidizing agents 

The chapter on injuries of the ankle is in itself a monograph 
on the subject and one feels that the author justifies the inclusion 
of external rotation as an additional traumatic mechanism 
There is no doubt however that it does make the chapter com- 
plicated and perhaps ditncult for the student 

As with the first edition the book is well written and well 
produced with excellent illustrations It can be confidently 
recommended to all students including candidates for higher 
surgical examinations and should also be a valuable reference 
for the practising surgeon 
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924 618 

Recent Advances In Obstetrics And Gynaecology 

Aleck W Bourns & Leslie H Williams sixth edition 

LONDON, J te A CHURCHILL, 1945 3^8 PAGES, 77 ILLUSTRATIONS 

20 5 1 13 on 18s. [£0 9] 

(i) Nutrition in pregnancy and foetal development , (li) vitamin K and haemor- 
rhagic disease of the new-born , (in) anaesthesia and analgesia in obstetrics , 
tiv) breech deliveries , (v) erythroblastosis , (vi) post-natal care , (vn) sttll birth 
and neo-natal death , (viii) radiology in obstetrics, by E R. Williams , (is) cancer 
of the uterus , (x) sterility , (xi) leucorrhoea , (xu) sympathectomy , (xm) the 
sex hormones , (xiv) ovanan tumours, by W Shaw , (xv) radiological investi- 
gation and diagnosis in gynaecology, by E R Williams , (xvi) x ray therapy in 
gynaecology, by W M Levitt Index 

Among the new additions m this latest edition of an old 
favourite are chapters on nutrition in pregnancy, vitamin K, 
stillbirth and neonatal death, and erythroblastosis To make 
room for them several chapters which have appeared m two or 


three previous editions and in which no recent advances of 
importance have been made, are discarded The remaining 
chapters have undergone revision As the authors point out 
in their preface, isolated new facts are better in certain annual 
publications rather than m a book of this kind , it is only when 
a body of new facts is capable of organic synthesis into a new 
development or of modifying an accepted line of thought on 
any subject, that it can claim inclusion in a book of the “ recent 
advances" type This sentiment is reflected m the present 
work, which presents an excellent digest of all the significant 
work which has been recorded m obstetrics and gynaecology 
during the past few years Developments m some subjects are 
so rapid that writers of books of this type cannot hope to be 
completely up to date in all topics, on account of the interval 
between preparation and publication , this is noticeable in a 
few instances in this work Nevertheless, this book, like most 
others in the “ Recent Advances ” senes, is to be welcomed 


[The prices quoted are those which obtain within the United Kingdom Editors of overseas medical 
journals who wish to review publications of which notices appear are invited to apply to the Editor for 
review copies, of which a few are sometimes available Orders for any of the publications mentioned 
may be sent to the Editor if there are difficulties in obtaining them locally Publications may be referred 
to by the numbers gi\en at the left of each item, eg Book 914. It should be noted that supplies of all 
publications are limited and there can be no certainty that publications ordered or requested for renew 
will be aiailable Publications are classified according to the Universal Decimal Classification and the 
classification number of each publication is given at the right ] 


FIG I. FORMULAE OF ATROPINE AND SYNTHETIC 
SUBSTITUTES INVESTIGATED 
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Vol 4, No 2 

BMB 819, Synthetic substitutes for atropine, 
H Ring P 91, col 2, Fig I We regret that 
the names of the compounds of which tee 
formulae were given in this figure were acci- 
dentally omitted The figure, including these 
names, should have appeared as here shown 
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Ttnt mpd J 1. 315 
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Annal s of Eugenics 

„ 13 Apnl 1946 

Oithoional putmons of the 5 x 5 Latin squares (D J Finney) 1-3 
' Zealand blood type distnbuuons preliminary mscstisations (R F 
Paddock) 4-6 

Genetic theories of Rh blood types (V R khanolkar i. L D Sanjhvi) 7-14 
■ n *^^^ n tance of allelomorphs of the Rh gene in fifty families CM McFarlane) 

Filial and fraternal correlations in successn e generations (R G Stanton) 18-24 
A further note on the sib-pair linkage method {!_ S Penrose) 28-29 
t .-nun-i-ncr m a pedigree containing haemophfiic and colour blind individuals 
(W 3 B Riddell) 30-34 

^investigation of 171 possible linkage relationships m man (H v* Kloepfer) 

Annals of the Rheumatic Diseases 
5 December 1945 

Anatomy and physiology of diarthrodial joints (D V Davies) 29-35 
nactenologicalmvTestigationofairdunngancpidemicof haemolytic streptococcal 
throat infection. (C A. Green. S W ChaUmor & J P Duguid) 36-13 
Ankylosing spondylitis its aeuotogy and pathology (C W Buckley) 49-54 
S“°P9edic aspects of rheumatoid arthritis (J Bastow) 55-56 

. rn , 10 . Don nal of a ray changes in rheWatoid arthritis case report 
(M Lucchesi & O Lucchesi) 57-60 
Kheumatoid arthntis review (G D Kerslcy) 61-63 

Annals of Tropical Medicine and Parasitologj 

- 40 April 1946 

Lounc™ 1 / ° f mC£: CUIed ° f nkpanosomc mfccuons (I D Fulton & E M 

I '“ r '3 l causing high mortality of Anopheles eambioe larvae in 
Rhodesia. (J Muspratt) 10-17 

- tvetse pupae increased transmission rate of Trypanosoma 

rhodestense us Glosslna morsllans (E Burn) 18-28 
serum albunnn and globulin levels in Africans as compared with Europeans 
Ta^momS 0 e° c te ^? lqu ' : ix F Mohan) 29-33 

of Ethiopian sandflies (Phleboiomus) I Classification and 
synonymy (R. Kirk L D J Lewis) 34-51 

for the discovery of drugs effective in the treatment 
Divirt ?? ^ 1 °f m cia:i Inalana I Drugs for chmcal prophylaxis (D G 

of infected flics found w transmission-experiments with Glossma 
Th ? Trypanosoma rhodeslense (E Burn) 74-79 
ResiSJi °iV “oparnne on the gastro-mtesunal tract of man (Army Malaria 
a 1 “4 Nuffield Insutute for Medical Research Oxford) 80-87 
fir n ol j V, ,f ro “janudmes and other compounds on Leishmama donovani 
SlSZfJ, S 01 ^® &E M Loune) 88-100 
DjJnHryrii faknialanal drugs XV Hydrolytic determmation of 

A tefc / A & M M. Tottey) 101-112 

xalnarv «f>i2 r obtaining bacteria free suspensions of sporozoites from the 
^ glands of infected mosquitoes (R. M Gordon IMA Hill) 113-115 

Archives of Disease in Childhood 
The eariv ft ? r 21 March 1946 

non. (H WallCT) 2 ^ CCdinB a cluucil1 study of its causes and their preven- 
°(M 5 ° tt its dosage and administration in infancy 

ox *F a (FA Knott A N Southwell) 16-18 
W r_ Rutherford ) 1 ^ ^22 ^ neonatal sepsis (F M B Allen J E Monson L 

Coujx^ 2J^36 11631016111 infections m infancy (M Henderson & 
Riclceu in Singapore (C D Williams) 37-51 

Biochemical Journal 

tte ^ Socaetd de Chmne Biologique on the occasion of 

10 November The chemical basis of cell structure and function. 

an^Dernip^f spdetra of ptenns and their possible use in the elucidation of the 
The flSoS2Si^ cima f r Ctor 1 CW Jacobson & D M Simpson) 3-9 
the °( Ptenns and their possible use m the elucidation of 

Tctiyl dSS 0UJ , ana T < 5 nia Cactor 2 OV Jacobson «JL D M Simpson) 9-14 
mcthvl nj^zf,,,^-, 1 -^ wolet irradiation of tctryl (2 4 6-txmitrophenyl- 
The stabn^^™*, A Brownlie & W M Cumming) 20-27 
The detmin?£.Ji? d ^ UnuUon of lactic acid in blood samples (C Long) 27-33 
-Plasnu. ra pV 0f vw? 8 ?* 30,1 P ro tein in -pooled samples of human 
Effects of arironf 41—45 

the a rein? «.» c ?ir.r ct 9 my treatment with adrenal cortex hormones on 

M GrcenSW) ^Phosphatase levels of lactating rats (S J Folley & A L 

^CG A. § ^iiTewood) 52 54 eton,c derivatives of cholic acid from cows bile 

^JE r B^iS5 1 5) n 5 t 5f 5 |h cmol hcrapy of cancer 6 The effect of aromatic bases. 

forma bon* Eunctiomng of vitamin like compounds. 1 Ammonia 

- ttccuon with ctvc'^w^ rm ^?T haemolytic streptococci its reciprocal con* 

Studies of the McHwam) 67-78 

Problems action (C. H Gray & J Whidbome) 81-53 

0 W H 142^2^83^96 aCid hydrolysis of an impure protein preparation 
^rbjc acid content of cornea (A Pine) 96-100 


The manometnc determination of formic acid (N W Pine) 100-102 
The skin protease inhibitory factor of plasma (A Beloff) 108-115 
The polarographic determination of thyroxine and 3 5-duodotyrosme (G K 
Simpson & D Traill) 116-118 

Studies on suramin (Antrypol Bayer 205) 5 The combination of the drug 

with the plasma and other proteins (H M Dewey & A Wormall) 119-124 
Chemistry of tissues 2 Polysaccharides showing blood group A specificity 
and the nature of the constituent units of the stable carbohydrate residue 
of the A substance from pepsin (H G Bray H Henry it M Stacey) 124-130 
Chemistry of tissues 3 Blood group substances from human gastric contents 
(H G Bray H Henry & M Stacey) 130-134 
The fate of certain organic acids and amides in the rabbit 1 Benzoic and 
yhenylacctic acids and their amides (H G Bray F C Neale &. W V Thorpe) 

Toxic effects of oxygen and of hydrogen peroxide on brain metabolism (P 3 G 
Mann & J H Quastcl) 1 39-144 

The toxic effects of oxygen on brain metabolism and on tissue enzymes I Brain 
metabolism (F Dickens) 145-171 

The toxic effects of oxygen on brain metabolism and on tissue enzymes 2 Tissu e 
enzymes (F Dickens) 171-187 

The influence of phytic aad on the absorption of calcium and phosphorus 
1 In dogs (E. Hoff Jorgensen) 189-192 
Studies on cholinesterase J The selective inhibition of pseudo-cholinesterase 
In vlro (R D Hawkins & J M Gunter) 192-197 
The extraction of nitrogenous materials from green leaves (E. M Crook) 197-209 
Oxidations in acetobacter (J Tosic) 209-214 

The metabolism of sulphonamides 1 The metabolism of metamlam ide (m ammo- 
Dcnzenesulphonanude) in the rabbit (F Dobson & R. T Williams) 215-219 
The metabolism of sulphonamides 2. The isolation and identification of 
3-hydroxysuIpharuIamide as the oxidation product of suiphanflanude in the 
rabbit (R. T Williams) 219-222 

Studies in detoxication 14 The metabolism of veratraldehyde and vcratric acid 
in the rabbit. (H G Sammons & R. T Williams) 223-227 
The esterification of glycerol with hippunc add and the behaviour of the resulting 
product towards enzymes (P J Fodor) 227-229 
Yeast lactic dehydrogenase and cytochrome 6, (S J Bach M Dixon &. 
L. G Zerfas) 229-239 

Inhibition of urease by copper salts in the presence of ascorbic aad and related 
substances (L. W Mapson) 240-247 

Blood haemoglobin the relationship between oxygen capacity and iron content 
of blood in men and women (Q H Gibson &. D C Hamson) 247-249 
Micro-method for the determination of vitamin A in liver biopsies in man and 
larger animals (T K With) 249-252 

The application of the silica gel partition chromatogram to the estimation of 
volatile fatty aads (S R. Elsden) 252-256 
The action of arsine on blood observations on the nature of the fixed arsenic. 

(A F Graham T B B Crawford & G F Mam an) 256-260 
The free amino group of gramicidin S (F Sanger) 261-262 
A note on the acuon of tannin upon tumour glycolysis (A Lasnit 2 ki) 263-264 
An electrophoretic examination of cobra venoms (A. Poison F J Joubert & 

D A Haig) 26 *-269 

The metabolism and functioning of vitamin like compounds 2. A comparison 
of pantothenate metabolism by proliferating and by non proliferating bacteria 
(H. McHwam) 269-278 

Pyruvate oxidation in pigeon brain catalyzed by fumarate (C Long) 278-283 
The glucuronidase content of animal tissues and the role of the spleen in the 
metabolism of conjugated glucuronic aads (G T Mills) 283-2S6 
The uptake of oxygen by blood in \ltro (W N M Ramsay) 286-292 
The component aads of cow colostrum fat (C. P Anantaknshnan V R. Bhale 
Rao&TM Paul) 292-297 

The capsular substance of Bacillus anthracis (W E Hanby H N Rydon 
P B White) 297-309 

The manometnc determination of the activity of carbonic anhydrase under 
vaned conditions r F J W Roughton & V H Booth) 309-319 
The effect of substrate concentration pH and other factors upon the activity of 
carbonic anhydrase (F J W Roughton &. V H Booth) 319— 3 j0 


Brain 

68 December 1945 

The intraneural topography of the radial median and ulnar nerves (S Sunder 
land) 243-299 

The role of galvanism in the treatment of denervated voluntary muscle m man 
(S Jackson) 300-330 

The interrelation of the stno-pallidum and the thalamus m the macaque monkey 
(P Glees) 331-346 

Note on the lateral geniculate body (W E Le Grox Clark) 347-349 


Bntish Dental Journal 
80 5/4/46 

The Tcvrot Report recruitment and the dental schools. (F C NSilkinson) 
215-219 

Failures w local anaesthesia (J Angelman) 220-223 
Notes on prosthetic procedures (A. O Chick iJ N Peacock) 231-232 
Charcoal controls Canes An account of a survey of the incidence of dental 
canes in Southern India 232-234 

80 18/4/46 

Control of mandibular fragments by external fixation. (W R Roberts) 257-269 
The Tcviot Report legislation. (W R. Tattersall) 270-272 

80 3/5/46 

Control of mandibular fragments by external fixation. (W R. Roberts) 291 -.>01 
The Tcviot Report — dental mechanics. (R. G H Warner) 301-303 
Experiences of a field dental laboratory m the BLA. (M. C Han) oOS-jO? 

80 17/5/46 

Ranula (A D Hitchin) 325-327 

The maxillary labial Craenum in the School Health Service. (E. Fmiu) 327-329 
Trilene auto analgesia in dentistry (P H. WflLams) 3oO-331 
The production of dental alloys and substrtu^s for plaster cl Pans in Changx 
POW camp Singapore (V H. Wentworth) 3 33-3 
Observations on the oral condition of Indian so d rx (Capt. S C Kkosla) *j? 

80 7 / 6/46 

Chairman s address at the opening of the fifLeth session of the dcnoii b~a.d c C 
the United Kingdom. (W E_ F-sh) d6 3-366 
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An appllanw for (ha expansion of the eye socket (H B Shay) 368-370 
A test of the keeping quality of a penicillin cream (O P Roberts) 370 

_ ^ . , 80 • 21/6/46 

TheTeviotrcoort special classes (W B Orandison) 397-402 
The construction of radium applicators (P J Hdl) 402-404 
A camera bridge for clinical photography (W Gardner) 404-405 

81 5/7/46 

Presidential address (L. Lindsay) 1-4 

Vincent’s infection observations on tho histo-patbolog y and their application 
to clinical practice (A F Stammers) 4-15 ^ 

Observations on the dental condition of Europeans and Asiatics in Singapore 
following the Japanese occupation (O Cameron) 16-17 v 

British Heart Journal 
8 April 1946 

Electrocardiographic abnormalities in severe malnutrition (L B Ellis) 53-61 
The effect of nitrite and exercise on tho inverted T wave (W Stokes) 62-68 
69 73 prematuro 3 >' s,olcs ths duration of the electrical systole (1C Berliner) 

Pulmonary vascular sclerosis with right ventricular failure (A M Barrett & 
L Cole) 76-82 

electrocardiograms a comparison of CF and V lead connections 
(L Wallace & N Grossman) 83-86 

Bilhanuai heart disease m Egypt cor pulmonale due to biiharzial pulmonary 
endarteritis (D E Bedford, S M Aldaros & B Gircis) 87-95 
Mechanism of the Wolff Parkinson White syndrome (R J Duthle) 96-102 
Postural hypotension (T East & W Bngden) 103-109 
Cardiovascular diseases in the British army overseas (R A Moir&K S Smith) 
110-114 

British Journal of Dermatology and Syphilis 
58 March-April 1946 

Treatment of lupus vulgans with calciferol (G B Dowling & E W P Thomas) 
45—52 

Dermatomyositis and malignant tumour (A Dostrovsky & F Sagher) 52-61 
Scabies norvegica in a native of East Africa (F Piers & G L Timms) 61-66 

British Journal of Experimental Pathology 

26 December 1945 

Experimental production of urate calculi in the urinary tract of white rats (H 
Ungar) 363-366 

The enzymes of beating wounds It The effect of different degrees of vitamin C- 
deficiency on tho phosphatase activity in experimental wounds In the guinea pig 
(J F Damelti. H B Fell & E Kodicck) 367-376 
Differential centnfugallzation of Intranuclear particles in the bean root and in 
animal tissues (J C Mottram & F R Selbie) 377-379 
Grey lung virus an agent pathogenic for mice and other rodents (C H 
Andrewes & R E Glover) 379-387 

A specific blood group O substance (W T J Morgan & M B R Waddell) 
387-396 

Fracture metabolism at different levels of protein intake (H N Munro & M I 
Chalmers) 396-404 

Production of antibiotics by fungi (A H Cook & M S Lacey) 404-409 
The influence of temperature on the adaptation of " tetrathionase ” in washed* 
suspensions of Bad, paratyphosum B (M R Pollock) 410-416 
The biosynthesis of tryptophan by Bad typhosum (P Fddes) 416-428 

27 • February 1946 

Tho tumour virus disseminated from filterable to non filterable tumours 
(J G Carr) 1-3 

The effect of treatment on theuspleen of the golden hamster {Crlcetus auratus) 
infected with Lelihmanla dona van! (C V Harrison & J D Fulton) 4-8 
Immunity to homologous grafted skin I The suppression of cell division in 
grafts transplanted to immunized animals (P B Medawar) 9-14 
Immunity to homologous grafted skin II Tho relationship between the antigens 
of blood and skin (P B Medawar) 15-24 * 

A serological investigation in hepautis using the complement fixation reaction 
(JAR Miles) 25-33 

A study of the formation, properties and partial purification of leukotaxine 
(H Cullumbmo & H N Rydon) 33-46 

Further observations on tho chemotherapy of experimental gas gangrene 
flavazole, marfomJ, VI 87 and V335 (J McIntosh & F R. Selbie) 46-54 
Tumours produced by 2-anthramine (F Blelschowsky) 54-61 

27 April 1946 

The effect of diet upon the ascorbic acid content of the liver in mice 
(E L Kennaway & M E Daff) 63-71 

Determination of coaguiase and alpha haemolysln production by staphylococci 
(R E O Williams & G J Harper) 72-81 „ „ „ . . 

Tho virus content of plants suffering from tobacco mosaic (F. C Bawden <£ 
N W Pirie) 81-90 

Effect of penicillin combined with neoarsphenamine on the lesions and serological 
titre of experimental syphilis (F R Selbie & S Hebbert) 91-97 
Re-testing of a strain (IF) of mice specially sensitive to carcinogenic agents applied 
to tho skin. (E C Armstrong &G M Bonser) 97-102 
The incidence of Rh types in the British populauon (J Murray) 102— 1 10 
The release of antibody by sensitized antigens (C E Jenkins) 111-121 
The preparation of pure flagellar antigens from Salmonella (C E Jenkins) 

A study^of the prozones of the Salmonella (C E Jenkins) 127-134 
British Journal of Industrial Medicine 
3 January 1946 

The health of forestry workers a survey of the Women's Timber Corps of 
Great Britain (C N Swanston) 1-10 .... 

Medical grading of the industrial worker (J P HUas) 11-14 
Inurements of radioactivity in an industrial dial painting room (C J 

M Board (br ibe Correlation of Medical Science and Physical Education) 27-39 


_ , ,3 April 1946 

Ononic me^ry poisoning (M Buck.ll, D Hunter, R Milton & K M A 

Br pe^;) 1 64U74 4U ' Un2 ff0m thC h “ dlin « of (D Hunter &K.M A 

if 0 * 0 **’ P fevtntloa 1011 treatment of chronic bronchitis (N Southwell) 

I'ho incidence of slderosi. in iron turners and srliiitcn /ir i o,-. i 

M H Jupe A J O McUughlin AK M a“)7M2 ' U ^ 

Occupational dermatitis (A T Jones) 83-97 

British Journal of Ophthalmology 
_ 30 April 1946 

Ep i d I m c MktariS?n) n t 93 !? 204 :U,OC “ lWt WUh 3kln ] * ioM (W J O’Donovia 
G°T f Jenson? 2tS-203 lm W corneal and m «'a-ocufar infection (F Jute 

An operation for posterior route extraction of ultra ocular foreign bodies (L B 
Somerville-Large) 208-212 
The treatment of trachoma (E O Marks) 213-215 
Schistosomiasis of the conjunctiva (G Badir) 21 J-22I 
A case of secondary obUque facial cleft (A. Mellick) 221-224 
Tho relation of corneal v&sculansation and conjunctival txanjDarency to ceneui 
disease (P A Gardiner) 225-232 
Ocular decompensation (E M G Gallon) 232-234 
Notes on oncocerciasis in Guatemala (R Pacheco-huna) 234-237 

30 May 1946 

An unpigmented primary tumour of the optic disc (A contribution to the kno* 
ledge of the phakomata of the eye ) (J P White & A Loewemtcin) 233-260 
Conjunctival haemorrhage due to an infection of Newcastle virus of fo*is fa 
man (laboratory and contact infection) (N I Slumkui) 260-264 
History of ophthalmology through the ages (J R Wheeler) 264-275 
Bitemporal hcmlanopla (W O Lodge) 276-281 
Quinine amblyopia (A Bishay) 281-287 

Necessity of an international study centre of trachoma (L Poleff) 287-290 

Lens efficiency — a clinical concept (J I Pascal) 291-298 

Ophthalmic problems and visual standards m industry (J Minton) 293-304 

30 June 1946 

A contribution to the pathology of Bowman’s membrane (A. Loewtmlcfa) 
317-323 

Aetiology of Iridocyclitis in the African (H Reed) 324-337 
Ammouc membrane grafts in caustic burns of the eye, (Buna of da i«ce» 
degree ) (A Sorsby & H M. Symons) 337-345 
Quinine amblyopia (J D J Freeman) 345-349 
An exophthalmometer for direct measurement (A Gormaz) 350-353 
Tho treatment of convergence deficiency, 1933-1944 (S Mayou) 354-3/0 
Tho ultra violet ophthalmoscope (J Do Ment) 370-372 
Moscow Eye Hospital (A Uspensky) 372-373 

30 July 1946 „ _ , - 

A statistical analysis of persons certified blind in Scotland (R- M Uicxsoaj 
381*405 

Local treatment of mtrabulbar Infections 6 Treatment of 
panophthalmia by intrabulbar injection of penicillin (G Roennej wm* 
Retinal detachment due to war trauma (H B Staliard) 419-429 

British Journal of Physical Medicine and Industrial Hygiene 
9 March-April 1946 

Skin diseases in industry (B Croslhwaite) 34-38 
Rehabilitation m the post war period (F G Ward) 38-42 
Functional job analysis (H E Griffiths) 43-46 
Sleep posture its implications (J McDonnell) 46-52 
Examination of lead workers (J Warnock) 52-54 

9 May-June 1946 0 

Rheumatism as a social and industrial problem (W S C Cop'MB} 

Studies in the incidence of rheumatism among industrial and clerical 

Removal of industrial dirt from the ^ (A D Fo r me) j 

Physical medicme in the treatment of children (C Shields) ^ 

The hospital in relation to functional analysis (A H. Mclnaoe) ex 

British Journal of Radiology 

19 April 1946 w Windo*** 

Dosage control in interstitial radium therapy p^^f« I, | U i))-i44 , 

JR Nuttall.F W Spiers, FS Stewart *B oesophsi»l 

Chronic ulcerative oesophagitis with report of a case 
varices (G Steiner) 145-152 ... and its applxauoo to tee 

The mechanism of the action of radfation on tissuw ana ns 
treatment of malignant disease (F ms) > ‘33 i 

&D J T Bagnalij 165-168 vMimcr) 169-172 

Tactics and technique for urography (H HeUmer) 

19 May 1946 , 

The significance of minor bone ^'1' ^ ^ n ^n^.fso P 

to — 

19 um JU ffi 9 Moir, EK Dawson, MC. Tod, 
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Subacute volvulus of tho terminal Ileum case report. (E. Tlsccnco) 243-2S7 
Anaerobic ccllulitu duo to actinomjctt, aisoaatcd with gas production 
rp jr W fm n R, L, Volium) 24S-249 

The effect of dose-rate vanauoal on mitosis and degeneration In tissue cultures 
of avian fibroblast!. (I Lasmtiki) 250-256 

19 July 1946 

Blnmag In radiography (A Nemct W F Cox & O B Walker) 257 
Untreated ca rcinoma of the breast a comparison with the results of treatment 
of advanced breast caranomx. (P Wade) 272-2S0 oot 

A lyxtem of filing and cross indexing x ray reports (H. W Gillespie) 

Note on the rnuntmann-i of an i ray dosage tub-standard fH r* cosier 
D F Robertson & D J Steven!) 284-237 
An automatic control for diagnostic x-ray exposures (T _H Hills) 4oa 
A case of calqnosjLS artumicnpta (N Klein) J>3-291 
naAtro-duodmai lnvainnntinn. (H Junemann) 292-296 . 


u astro-duodenal invagination. (H jungmannj . . . . . „ 

A note on the amount of radiation Incident In the depths durtn * 

radiological pelvimetry (J H Martin & E. R Williams) 297--98 

Bntish Journal of Surgery 
33 April 1946 

Painful phantom limb treated by high cervical chordotomy report of two cores 

(M. A. Falconer £ J S B. Lindsay) 301-306 ,c 

Vascular tumours of the spinal cord associated with skin hae m angiomata to 
Silverman) 307-311 _ , . 

The management and surgical resurfacing of serious bums (r Clarkson & 

R. S La wnc) 311-323 ... ^ n-sn 

Injuries to the pancreas and their surgical treatment (A S Ala is) J 
Paroxysmal hypcruuuluusm due to islct-ccll tumour of the pancreas IJ m 
H olmes, B R. Sworn & J L. Edwards) 330-335 . , r 

Thc present position of surgery in the treatment of bleeding pepue ujeer to 
Gordo n-Taylor) 336-345 , . 

A micro- mane rau on study of the flat epithelial layer covering the alimentary 
tract (F Duran-Jorda) 346-352 .. ,, , 

Metastatic osteomjelms secondary to tropical ulcer (M M Shepnero) 

Tendon transplantation for radial paralysis (R B Zachary) 333-364 
A case of severe electric bums with an unusual sequence of complications IJ 
Smith & B K. Rank) 365-363 , , 

Three cases of fracturt^dislocation of the hip occurring simultaneously in one 
car accident, (J C F L Williamson) 368-372 T „ 

Simultaneous carcmoma and tuberculosis of the colon (K J Ka n daii aJ 

Spalding) 372-375 _ w 

Solid tumours of tho epididy mis report of two cases (B R- hwom, r v» 
Marshall & J L. Edwards) 375-377 , , rr e, 

Congenital atresia of the common bile-duct report of a successful case 1.1 c u 
Bcavan &. G W Duncan) 378-380 . % 

Osteochondritis dissecans and tom lateral meniscus (J G Bonnin) 380-381 
Suture of the external and internal popliteal nerves (R. Roof) 382-333 
Hoematemcsis from erosion of the splenic artery by peptic ulceration U Airu; 

385-386 , 

Th* surgical treatment of severe ep is taxis in relation to the ethmoidal artenes. 

CG Weddell R. G Macbeth H. S Sharp 1C A. Calvert) 387-392 
Retrograde intussusception of lesser curvature of stomach pylorus and nret 
part of the duodenum mto the oesophagus (J Lannon & A. Culiner) J9-. 

A case of bilateral pneumothorax and bilateral penetrating wou n ds of tne 
diaphragm with recovery (A. J P Graham) 394-395 
A case of filanal fumcuhtis (H R.I Wolfe &. A L. Schofield) 395-396 
Bayonet wounds of the transverse colon. (A. Long) 397 
A case of multiple duct papilloma of the male breast (J Moroney) 397—398 
A case of carcinoma coll m a child. (F D Saner) 398-400 
traumatic aneurysm of the common carotid artery associated with massive 
udorcuon of the brain. (N Whalley) 400-401 

British Journal of Tuberculosis and Diseases of the Chest 
t 40 April 1946 

_ Bxtrapcrioiteal pneumothorax in the tropics (O Paneth) 60-67 
Expe rien ces with promazude in tuberculosis (R. GrcnYill e-Mathers, D Pickenng 
* Q. R. Hales) 68-73 

1 r *p I 'ii*niuh* C lran ^ 3leural ligature of the first part of the left subclavian artery 

British Journal of Venereal Diseases 

22 June 1946 , 

rtoaspaafic genital infections The isolation of organisms of the pleuro- 
p/^rraoma group from the genital tract and their relation to the gonococcus. 
(M. H. Salomon) 47-J5 

‘H* ea “ 111 Ituha- (E. E. Prebble) 55-62 
«o=real disease In Bntish West Africa. (R. R. Will cox) 63-76 
1 — ^treatment of early syphilis by mtensive and semi intensive arrenotherapy 
tw v Macfarlane) 77-83 

rA Ct i 0I 1 ^ treatment of venereal diseases of the early nineteenth century 
(A. Fcssler) 85-89 

British Medical Journal 

Cr ;w“. rc f :!oa m cbUdren s wards a report presented to the British PaedJaUJf 
i v D Alhson R. B Bourdillon. W S Craig. ] CmoTa, ^ 
^htford W Gunn R. Lightwood, J C Spence C. W Vimng 
d Catkins) 673-677 

^tntfon in Vienna in November 1945 (M Pyke) 677-680 
rhjr_b 1 “J Iatl on of penicillin. (J L. Hamilton-Paterson) 680-682 
^rtnee in the effect of scopolamine on peroral and subcutaneous adminu- 
Creannm c r Eo“bol0 6S2-&3 
Thfan^. 1110 teaum m sisters (R. E. ReweU) 633 
Munster's speech Health Service Bill 690-692 

11111 *he haemoglobin leset of children of men in 
of avihans (H. hi M Mackay L. Wills & K. Bingham) 711-714 
IT w occurrence among workers in Welsh and Scottish coal nnw. 

shock tre^noit^of^^diial"*a!fluna (Z. Godlowski) 717-719 

of the hp and it, u-cSSenl bTnidihm (1928-44) (A A. Chartens) 


Pvlonc stenosis seiecuve medica and surgica raiment ^ Fifty succeidva 
..... without a death or failed medical treatment (N M Jacoby) 721-722 

1 18/5/46 

Somo resulta of transfusion of blood to recipients with cold agglutinins. 
^ (K. E, Boorman, B E. Dodd J F Louut & P 

Migrainous ciliary and post traumatic headadres (W Hams) 754-757 
Tho catheter and the prostate (W H Hey) 757-758 

Fatigue syndromes in West Africa (S F Lindsay) 75 twins CT O 

Identical deformities in the nasal septum of a pair of idenucal twins (T U 

Ej^mmauoo^o"/ Uio lower uterine segment in cases of suspected placenta praevia. 

(A W Spam) 761-762 
What the Russians cat (L. FehiJy) 769 

1 25/5/46 

Progress after perforated pepue ulcer (C F W Illingworth L. D W Scott & 

One hucdxS 1 ^ operated peptic ^«r «Uh^n analysis of immediate and 
remote results of simple closure (F Forty) 790-793 
^^S“f U m" 3 gS"bum ( s C 1w"ffi 9 A J Howard d. D Thomson) 
Vowilusof the small intesune (W G Kerr i W H Kuhaldy Wfllrs) 799-800 

1 1/6/46 

dei E u, R es B ^ b ol 83 V hL Wood 

K M Rains it P A Bramley) 835-836 rnnkshank) 843-844 

The scientific method m clinical medicine (W D Cruikshanlc) B44-M4 

1 8/6/46 

The source and transmission of. nasopharyngeal infections due to certain bacteria 
Amphe'iorcune .£ 87^ C ^ 

«afi^A^ ( sssssj^ r 

|SSi“ge l d S urSg“il ?cspiraUon (R R. Mucmtosh i W B 
oM^I-nTonnal body tempera, uses in North Incha (E T Renboum it 
rIuIu of D mare 9 radiography of RAF ea pnsoners-of war from Germany 

(A G Evans) 914-915 Hutchinson) 915-916 

Gas gangrene of the gall bladder (W K. a ts .mean 923 

The JroWcm of medical educauonal films (N Dungal) 9-4 
Bulletin of War Medicine 
6 June 1946 

Penicillin in 21 army group (F H K. Green) 419-42 

Dental Record 
66 April 1946 

The evolution of Use o^odonus^fidd a ^chtson) 77-85 
Cervico-facial orthopaedia (A. A. Nove; oo-^i 

66 May 1946 

Deglutition and the teeth (R- E. R“) 10 ^f, 4 
^onfn^J^owth in"chiIchrn C (G G Campion) 115-119 

The experiences of a dental ^Thailand camps (D Arlcush) 

^S?md=n 1 a^ r °(A P D 

htaxmofacnam.ur^m.Mtoand ^^^0* *"** 

|^f^e P SSn 8 .S“ts "(J M Campbell) 171-178 

Edinb urgh Medical Journal 

53 March 1946 fF . i 

Management m prostatic surgery with special reference to operatsre risk- (R.L. 

T^l^^n'trfsensorytoervauon after mjunes of peripheral nerves (R. 

Rj chords) 110-124 . tut- r\ y/ Bran wood) 125-133 

M 

53 April 1946 tx 5 _i 53 

Tha h ea lth and welfare of the ^A. S. Johnstone) 160-172 

due to causes other than Stewart) 173-182 

revrew H- Ommal revrew 

(W R- Logan) 183-202 

Guy’s Hospital Reports 
94 1946 

Saw ArbuthnotLane I^tmiry^CW E^Tmmex) S5-11 

Studies tn lm« atec ess O L C. Broc^l ^ cf a care and commemaiy 

murder (K- Simpson) 142-150 
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Journal of Anatomy 
_ 80 April 1946 

Repair of fractures of the parietal bone in rats (J J Pritchard) 55-60 
m ?he do^sSTodywSl 8 °(Hu£) ^ 7 f Wnce to thc V8n °“ deselopmen, 
The early development of the sheep heart (E J Field) 75-87 

system (A^BwdK-sT m mlIformatlons of 1118 nervous 

Movements of the first rib (R W Haines) 94-100 

Terminal degeneration hi the frontal cortex of the rabbit following the interruption 
of afferent fibres fP Glees, A Meyer & M Meyer) 101-106 P 

^ CSC bP uai "/vw m w , n T od ; 1118 ox and its relation to lymphatic drainage 
of the skin (W M Henderson) 107-110 “ 

Bilateral anterior venae cavae in a lion cub (K J Franklin) 1 1 1 

Journal of Endocrinology 
4 April 1946 

Enterohepatic circulation of oestrogens (F E Emery & H E Joyce) 371-374 
oomc factors aficctmg the absorption rate of subcutaneously implanted hormone 
tablets (A T Cowie & S J Folley) 375-385 
Some factors affecting absorpuon from implanted tablets (A S Parkes) 386-391 
Functional relaUon between the uterus and the corpus luteum (J P Chu 
C C Lee & S S You) 392-398 ’ 

Logistic dose response curves a theoretical approach (A C Bottomley) 399-416 
hertuizanon of eggs in hypophysectomized rats (I W Rowlands & P C 
Williams) 417-421 

Further observations on the formaUon of ghosts * in subcutaneously implanted 
tablets (R Deanesly, S J Folley LA S Parkes) 422-425 
Relation between iodine content and biological activity of thyroid preparations 
(A S Parkes) 426-430 

Gonad stimulation by androgens in hypopbysectomized pigeons (J P Chu & 
S S You) 431-435 


The Journal of Hygiene 
44 May 1946 

An experimental study on cellular immunity in Pasteurella pcslis infection 
(S S Bhatnagar & D L Shnvastava) 307-313 

The natural ventilation of unheated closed rooms ’ (J B Came) 314-325 

Some methods of measuring ventiiaUon (O M Lidwell <S_ J E Lovelock) 
326-332 

Bactericidal effects of the partial irradiation of a room with ultra violet light 
(O M Lidwell) 333-341 

A localized outbreak of Salmonella food poisoning apparently transmitted by 
a hen’s egg (M Crowe) 342-345 

A critical examination of the organism described as Bacillus Wakefield (R F 
Bridges & J Taylor) 346-347 

The incidence of natural diphtheria antitoxin in horses its influence on the 
results of antigenic stimulus (P N Basu & R N Roy) 348-349 

The epidemic curve for mumps (P Heiberg & Helge Petersen) 350-351 

Analysis of meals served in Surrey school canteens (M Kcrly, F Morkam &. 
K Magdl) 352-358 

Iodme as an aerial disinfectant (W F Raymond) 359-361 

The statistical treatment of measurements of the carcinogenic properties of tars 
(part X) and mineral ods (part II) (J O Irwin & N Goodman) 362-420 


Journal of Laryngology and Otology 
60 July 1945 

The masking effect of sulphonamide when used m the treatment of acute otitis 
media (I M Farquharson) 269-278 
Oto rhino-laryngology in the Navy (H D B Kelly) 279-291 
Gun blast and thc use of moulded ear defenders (J A James) 294-297 


60 August 1945 

The treatment of chrome otitis media (C M Johnston) 303-306 
The treatment of chrome otitis media (T M Banha m) 307-314 
Operative treatment of chrome otitis media (W O Lodge) 315-322 
Local chemotherapy in paranasal sinusitis (J A James) 323-328 
Fatal Actinomyces infection of the middle ear (V Townrow & H J Barrie) 
329-330 

60 September 1945 

A contnbuUon to the theory of the mechanism of the auditory apparatus ( A 
Tumarkin) 337-368 

Leeches as temporary endo-parasites in the upper respiratory tract of man 
(B Reeves) 369-372 

60 October 1945 

Corrosivo injuries of the oesophagus with particular reference to the treatment 
of acute corrosive oesophagitis (T Leegaard) 389-414 
A senes of laryngeal injuries with a description of endo laryngeal burns 
(A J Moffett) 415-418 

60 November 1945 

The function of the labyrinth (H M Jones) 425-440 
Blast injury of the tympanic membrane (E J G Glass) 441-444 
<"limp.nl record two cases of petrositis and Grademgo’s syndrome, treated by 
conservaUve surgery and penicillin (K R Ogilvie) 445—448 


Journal of Mental Science 
92 January 1946 

Late effects of closed head injuries psychiatric observahons (E Guttmann) 
1—18 

Some clinical applications of the Rey-Davis performance test (O L ZangwiH) 
Marriage and mental disease a study in social psychopathology (O 0degird) 


Psychological invesugation of a group of internees at Belsen camp (M Nirem- 

PostShoreic personality and neurosis (S Krauss) 75-95 

Preliminary tuberculosis survey w a mental hospital CD F Early) T 

Seven ^ hundred and fifty psychoneurotics and ten weeks fly-bombing (W L 

A comparative* study of diseaseinadence in admissions to a base psychiatric hos- 
pital in the Iv H ddl8 .^ij ( j Narcosis and convulsion therapy in mental disorder 
^ Wulf^note^n'a'cemralized^reatroent unit for both s'exes (D N Parfitt) 
128-137 


^ Thorpe)'’ 1 38-145 " ‘ hea « r ,n 500 *' 8 “' d «**«« F Kino L f 

'Api°„ nonu 5 acu 'i lt >’ and induced convulsions (F Reitmanl l46_iao 

and senility a major problem of psychiatiy (A LemsM 50- nn 
9np,.S ychoI ° 8K ? 1 “P * 818 of ageing and senility (M JD E^nekl n 7 ?»i 
Social aspects of ageing and senility (H Goldschmidt) 182-194 k) 7,-181 


92 April 1946 

psychiatry and the public health service 


The twentieth Maudsley lecture 
(LG Brock) 287-304 

vSKSVSSiJ 1 SfS SBS-SSd < S4 C H’S I ££„> 

Persistent enuresis a psychosomatic study (H Stalker & D 6and) 324-342 

On the aetiology of stuttenng (O Maas) 357-363 
J]] 8 ?P‘l'P sy of .Fyodor Dostoievsld (H Hams) 364-369 
Jakob-Creutzfeldt disease (E Stengel) 370-378 

379-388'“ ° f physical duabJit y (anosognosia) (E Stengel & G D F Steele) 

Pc £ s °“? Uty defects and psychiatric symptoms after cerebrospinal fever in child 
nooa meningococcal encephalopathy (M Narasunha Pai) 389410 
I he use of curare with convulsive therapy (H Palmer) 411-413 
1 414^420 rCSUltS ° f P emallm treatment in GPI (W L Jones & D Perk) 
The treatment of cerebral palsy (E Collis & M C Buck) 421-424 
* 425-441° “ Isoracrs anc * actions definitions and manner of recording 


Journal of Neurology, Neurosurgery and Psychiatry 
8 July & October 1945 
Drug treatment m epilepsy (A J M Butter) 49-51 

Thalamic degenerahon following bilateral premotor frontal lobe atrophy of the 
Strumpell type (R M Norman) 52-56 
Static tremor m anxiety states (J D P Graham) 57-60 
Recommendations for the design and performance of electroencephalographic 
apparatus (G D Dawson & W G Walter) 61-64 
Rhythmic slow discharges in thc electroencephalogram (W A Cobb) 65 - 78 
Investigation of \estibular function after head injury (D G Phillips) 79-100 
Une Icuco-cncephalitc sclerosante subaigue (L van Bogaert) 101 120 
The effect of age, head resistance, and other physical factors on the stimulus 
threshold of electrically induced convulsions (D Watterson) 121-125 


Journal of Obstetrics and Gynaecology of the British Empire 
53 February 1946 


Antenatal paediatrics (L G Parsons) 1-16 
The toxaemias of pregnancy (G W Theobald) 17-41 
The obstetrical forceps controlled axis traction (J Baxter) 42-54 
Correlation of physical and emouonal phenomena of natural labour (G D 
Read) 55-61 

Intrauterine foetal death due to rhesus incompatibility its diagnosis and manage 
ment (L Resmck) 62-67 , 

A case of intestinal obstruction associated with complete procidentia (u Daley 
& E N Callum) 68-69 , , n 

Improved design for a combined textbook of obstetrics and gynaecology id 
D ougal) 70-71 

The premature baby (V M Crosse) 72-83 


53 April 1946 

!ir Comyns Berkeley obituary QT W Eden V Bonney) 106-113 
"he control of infection m obstetrics (L Cole brook) 114-12-1 
Tie value of antenatal radiological pelvimetry (E R Williams & L G r p i 
125—139 

iombmed anterior pituitary necrosis and bdatcral cortical necrosis of the kdneyb 
following concealed accidental haemorrhage (I Domach & A H 
140-147 

nfertility in women (C Lane Roberts) 148-153 

dale infertility (K Walker) 154-157 . w c DlUM ) 

icute renal failure complicating abortion. (J V O Sullivan Sc P 
158-176 

•he mother in industry (S Homer) 177-181 „ , &F A Jon£S ) 182-184 

l case ofaplasUc anaemia m pregnancy (M A.M Bigoy ar a 
i. home-made repositor for chrome inversion of the uterus ( 

185-186 J946 

he action of adrenaline on the 8 J ciae< * human 20J^Jn 

note on the acUon of quinine (J A Gunn & CS Russel ) f j 212-213 

loulding of the foetal head a compensatory melanism (J Baxter; 

.cute inversion of the uterus (A W Spam) 219-zzz DCCr0S ij a report 
liabetes insipidus in association i with postpartumpituitary 
of two cases (A W Spain &F Geoghegan) 223-22V diaty territorial 

. study of normal and abnormal menstrual function m the 
service (C M Drdhen) 228-241 , note on the evolution of 

1 ossification of the human pelvis s Heyrn) 242-250 

the anthropoid or ultra dolichopelhc type of pe p j King E Wood & 

nutritional survey among pregnant women 0 Young, B J 

azas-. a. t 

—w » mgs 

post war condihons preliminary commun Allen Wtll-ams L 

Midenhal rest during the antenatal period to m 
I Sutherland) 278-284 nrranacy with delivery of living child 

all time secondary abdominal pregnan y 
(H S Waters) 285-288 

Journal of Pathology and Bacferiolog) 

58 January 1946 ^ barB1 

ccelerauon of heahng by pr^um ap^hatjon RfjtUnd) ,_ 9 

(G R Cameron J VV Allen, K r ^ 
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Hutndnui teiu for thr rjpid i.*cntifi«.xiion of Cl and Cl septkun 

(N 1 HiinirdiJ A U Gray) 11-20 

''n U i? r 'ii t ' k '-!i VScJ Fcl ‘ l Klctl0n *9 fc\cr and other dueaiei (J (. 

UXt) *I“iO ' 

The isolation of orsinistnx. of the pleuropneumonia group from tho genital tract 
uf men and women (M H SaUman dt collaboraton) 31-35 
The iiifiLcnce of surface-acritc substancea on the growth of acid fast bacteria 
(A. E Alexander 4M A So’.tyi) 37-42 

hectrah-iLoa of C dlphihtrLe tjpc toxins with standard antitoxin as determined 
by sluit reictiom in guinea pi.s (X Zinncmann) 43-50 
A wsaucgical and bacteriological study of healing burns with an enquiry into 
we ugnituance of loual infection (J Gordon R A Hall R SI Reggie dt 
E. A Home) 51-61 

An experimental study of the healing of wounds with special reference to the 
actwa of heart extract powder (DoljxnxkO (3 S Young A H Cruickahanlc 
« w a Martin) 63-74 

The diffusion of antiseptics through agar gels with special reference to the agar 
$ ? VxSLSn> 75-I4 “ tmutms the activity of penicillin (X E Cooper A. 
Hatymjia. tw Townsley) 8<-SS 

£ro ? th °t mycobacteria by egg ioll (S( X Finlayson) 83-93 
MtuSUma) 93.95 ° f ccrUm fju * substances in paraffin sections (J 1- A 

? r «be liter (N Ashton) 95-97 
1 - (G Heller A S G Wilson) 98-100 

haetii ottthreak of diarrhoea due to a hitherto undcscnbcd dysentery 

“all^ (R. J Uvmgton. A I Slatbeson J Taylor A W J D Hcmir.g) 

ScSiiKIuv^k- 11 ” 1 ?,” °f Pancreas (\f Haines) 104-107 

11411 *'?S' s 2 r (Crfcerux carurus) to Af> cob.ulethm lubtr 
o^Aumuiirandioru (R E. Closer) 107-110 

juaerua. 0 " 

Lc ? u ' slmn obituary 115-133 
Juvpa Arthur ArkwTtght obituary 134-147 
^tgs Henry Belt obimary l?7-143 
J«a OrT Ewing obituary 149 

Journal of Physiology 

C 104 A P nl 1946 

durance extract and its fractions as analysed by 

JS E Dicker & H Heller) 353-360 

Tu^kiSLe t£ V, ^n^) {(A-i6i CTl tmUe of Ihc (E 

Btto^3^.375 Iood fl ° W m 1111 human forearm (H Bor croft A O G 

d ‘}n‘ C i ncl t) <m "- UIO - mu scular transmission m the shore 
lienor^“^^^ fi ‘DLBoardtnan AH O J Collier) 377-383 
ley) 334-39? ' * dd of Ih = dark adapted eye (I Mann A F W Sharp- 

w??, t:, 1 ' choUnc 1 hf art (R J S McDouall) 393-03 
Goodall) - .01 ) 3 7 M bMd haemoglobin canccntrauon (A Brown A A L. 

I^toinoUyjiojftfo fuctn °8lobtn concentration (A. Brown A 

tnnertous'u^S n ' , riw OI I r 0 l jih c ei Myme system which synthesizes acetylcholine 
urculaton ew— a Fddbcr S A T Mann) 41 1-425 
Anderson, WJl j7.“f 'g a" d coma caused by oxygen lack (D P 

T* effect Of cthil haraoft. O G EdholmAG W Manning) 426-434 

(M. G Eggicton x ' G f‘, lc ,l, nbcr diuretics on chloride excreuon m man 

the our.otic Dressur 433442 

•43-418 pIKSUr - of human foetal and maternal sera (E F McCarthy) 

Journal of the Royal Army Medical Corps 
nsect control m v February 1946 

February to Octob r a report on the use of D D T in Jamaica 

7* mess deitcnon ^r , 9 5 <H G DeMont) 47-54 

1 ^^Hynes & [{ I_x bon an n ?5 J >C copp<:r sulphate blood gravity technique 

tC. X Day WnoJtx Sf among German prisoners of war 

tnder water b£r, n ., d A W F 58-63 

ast injury of the abdomen (W Kark) 64-68 

iphus r e ,„ . 86 March 1946 

87-103 1 11111 tod 194243 a report on 2,859 cases (A Sachs) 

-iafa r p nt^Qi 

j^mpson) 109-J2^° bl * c »orfarc Italian Campaign 1943-4S (A W S 

Jcgemc tnfretSt^ p a 5> ^* t f“ t , la Italon Campaign (D Hunter) 127-130 
un three cases (K p of ischaemic necrosis of muscle a report 

(K ' 1 Hulbert & H W Gallagher) 131-136 

v. w . Q C. a . - I . - . , 


h=EA.Mc m tw, i . — 86 April 1946 
^ ILA M c m Thailand P rt % Xr Ca f ps (J Ma rAowitx) 139-140 
5«ataUon uadi -7 0 Mwkowiu) 141-146 

£- KC! ? »>* cholcram " ,lh0 Hi dnJ Ss (5 Markowitz) 1 47-1 49 

■ l1?mS r O'M 100 12Duu t S 1 V c ?n mp / n Jhadand (J Markowitz) 150-153 
™ >70 amputations of the thigh for tropical ulcer (J Markowitz) 

*S^mm t S 0 a i Pon: ™ b ho!>ia (A R Hazeltoo) 171-173 
CiSc * 1JCS CKwW Todd) 1^-I85 a< ^ apt lhcmsc ^ cs lo the tropical villag rs 

of defihrsr, , ^ May 1946 

^®t?srferf (I 5>ikow‘;u)“s9-°9V camps at ChUE8kai Md Nakora 
8= Amen-au army (G A c Herklots) 193-200 

<H PortSnoISJf 3 “ the fidd <R J Blackham) 201-2 
cgtoial block rnS^Su Rosenheim) 218-220 

Journal f (C F Scurr) ~ 1-225 

tte Rojal Institute of Public Health and Hjgiene 
,I "« of the breast n: A 9 A P nl 19d 6 

ai3 Snosis and treatment (F D Saner) 109-113 


31-207 


Some aspects of ’the public rcsponubilit> for child health (A D Bell) 119 - 
Dia betei in childhood (W W Payne) 124-129 

^ 9 May 1945 

The provision of nursery schools (G H Hosbcn) 143-143 
The case for diphUtena immunization (W B Stott) 149-1 '5 

w , 9 June 1946 

Modczn methods m the treatment of burns (R P Osborne) 169-177 
Health and h>gicnc in the colonial empire (W Elliot) 179-185 
Uses of radiology in medicine (A. Green) 186 193 

The Journal of Tropical Medicine and Hjgiene 
49 April May 1946 

Iruradcrraal test in malana (J G Makan) 23-29 
TiJc borne relapsing fe\er in East Afnc* (C E Quin) 30-32 
The dumidincs their pharmacological actions and their therapeutic uses ui 
some tropical diseases (R St A Heathcote) 33-33 

49 June July 1946 

On the coprophiiic habits of a ciliate — Glaucoma pinformls (J M Watson) 44-46 
Intradermal test in malaria Parts II and III (J G M atari) 47-54 

Lancet 
1 4/5/46 

Cholera epidemic among prisoners-of war in Sum (H E de Wardener) 637-640 
Th>ro toxicosis treated with thiouracil and methyl thiouracil (A Wilson) 640-643 
Fowler s position (J E Spalding) 643-645 

Dental canes effect of carbohydrate supplements on susceptibility of infants 
(J D King) 646-649 

Huuoc>tic medullary reticulosis a case without bmphadenopathy (R Asher) 
650-651 

P>(onc obstrucuon by a mass of asphalt (E R Da\tcs) 651 
Pulmonary tuberculosis among Bntish prisoners in Germany (W H B Bull) 
661-665 

Health centres of to-day VII Swindon (J Lowe & W J Lewis) 665-667 

1 1 1/5/46 

Leukaemia treated with urethane compared with deep a ray therapy (E Paterson 
A Haddow I Ap Thomas & J \i Watkmson) 677-683 
Rapid chemical disinfection of dean unwashed skin. (A D Gardner 4L H J 
Scddon) 683-6S6 

Blood transfusion in Indian famine (W S Charlton) 686-688 

Scrum phosphatase in lathynsm (M N Rudra &. K P Bhattacharya) 688 

Rapid death following injecuon of anutetamc serum (E Gardner) 6S9 

1 18/5/46 

Orthopaedic and rehabilitauon service of the Royal Air Force (H O Clarke) 
721-723 

Lipod>strophy and hepatomegaly with diabetes lipaemia and other metabolic 
disturbances (R D Lawrence) 724-731 
Ammolhtazole m the treatment of thyrotoxicosis (M Pcrrault &. D Boset) 
731-734 

Nutnuonal neuropathy in prisoners of war and internees from Hong Kong 
(C A Clarke & I B Sneddon) 734-737 
Tolerance to octyl mtnte in achalasia of the cardia. (T Robson <L R. S Wilkin 
son) 737-738 

Remuneration of the general practitioner 743-751 

1 25/5/46 

Medical administration as a career (J M Mackintosh) 761-762 
Acute benign dry pleunsy in the Middle East (J G Scadding) 763-766 
Cluneal trials of kemithaJ (R R Macintosh fL R. D SvOtt) 767 
Clinical investigation of kemithai (R A Gordon 4L A K. Gibbons) 763-771 
Kcmithal anaesthesia in thoracic operations (J Halton) 771-773 
Lipodystrophy and hepatomegaly with diabetes bp-emu and other metabolic 
disturbances (R D Lawrence) 773-775 
Epidemic epididymo-orchius in Malta (R.E Tunbridge &C J Gav-y) 775-779 
Non specific epididymitis (R S Handley) 779-781 
Hyperplasia of seminal vesicle causing enuresis (J T Cbesterman) 781 
UNRRA s health campaign in Greece (J M Vine) 789-791 

1 1/6/46 

Penicillin and the general practitioner (G B Mitchell Heggs) S05-S07 
An epidemic of influenza B m Australia (F M Bumct J D Stone & S G 
Anderson) 807-311 

Cortical mastoidectomy cse of penicillin in plasma dot. (P Reading) all-312 
Haemolytic icterus (acholunc jaundice) congenital and acquired (K. E Boor 
man B E. Dodd 6. J F Louut) 812-814 
Relation of the adrenal cortex to arthritis (R G Hamson) 8 15-318 

1 8/6/46 

Care of the chrome aged sick (M. W Warren) 341-843 

Segmental resection of lung for bronchiectasis (R Pflcfcer) 843-346 

Crohn s disease report of two cases. (A. H Bennett) S-*6-S47 

Penicillin in chronic osteomyelitis (D Si Keir) 8-»S-S49 

Chrome diarrhoea treated with folic aad (L B Carruthers) 849-850 

Oedema in recovered pnsoners-of war (T Stapleton) 850-851 

1 15/6/46 , , 

Acute haematogenous osteomyehtu treated with pemtiUin- (^f Agerholm ac 
J Trueta) 877-381 , , _ , 

Diet m the treatment of infective hepatitis therapeutic trial of cysteine ana 
variation of fat-content (C Wilson M R Pollock A D Hams) £81-883 
Haemopictic action of 5-methyl uracil (thymine) m tropical sprue (T D Sp*cs 
W B Frommeyer G G Lopez, R L. Toca G Gwanner) S83-SS5 
Estimauon of paludnne in blood (E. J King I D P NSooltoa iM GiLnnst) 
8S6-SS7 _ _ . . lt . 

Salmonella mfection in man conveyed by ducks eggs (P C. vuuam 

R AlhadeS) 887-888 ^ _ %e . . ^ . 

Anticoagulant action of soya bean tryT»m inhibitor (R- O M.-uruac 

J Pilling) 8S8-3S9 

Medical Officer 
75 27/4/46 

Pertussis immunisation programme of the Bost'm Health Department (L 
Cravitz iJ H Cauley) lb^-165 
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Background to (Chemotherapy 


C HEMOTHERAPY has reached a stage at which there is a tendency for general principles to be 
obscured by a multiplicity of details This number of the Bulletin is entitled “ Background to 
Chemotherapy ” because it is concerned not with the practical applications of chemotherapy , 
but with some aspects of its historical development and theory With such an approach to the 
subject, one of the first questions must be what is chemotherapy 0 To this question it is possible to find 
almost as many answers as there are authorities Some would exclude, while others include, from the 
definition the local application of drugs otherwise described as chemotherapeutic Some would limit the 
term to the treatment of infections, while others would include the experimental treatment of cancer by 
chemical compounds Some would agree with a contributor to this number of the Bulletin, who says 
that * the use of antitoxins constitutes an important part of chemotherapy ”, while others would dissent 
vehemently from this view Only one conclusion ts possible from these conflicting definitions that the 
word chemotherapy, as it is currently used, has no precise meaning 

Whatever chemotherapy may be, Ehrlich is by common consent its father, and it is perhaps of interest 
to consider the sense in which he used the term In a lecture to the Berliner Medizimsche Gesellschaft 
on 13 February 1907, he said “ What we want is a Chemotherapia specifica, that is, we are looking for 
chemical agents which, on the one hand, are taken up by certain parasites and are able to kill them and, 
on the other hand, in the quantities necessary for this lethal acuon, are tolerated by the organism without 
too great damage ” In the same lecture, Ehrlich expanded this notion by referring to the properties of 
drugs as bactenotropic — or, more generally, aetiotropic — and organotropic Drugs were properly described 
as specific only if then aetiotropy was stronger than their organotropy 

The essence of Ehrlich's conception of chemotherapy was specificity The conception originally 
owed nothing to the treatment of infecuons, but arose from attempts to exploit the affinity of methylene 
blue for nervous tissue in the treatment of neuralgia. In a paper on “ the analgesic action of methylene 
blue”, Ehrlich wrote m 1890 of “ cellular therapy ’ as a consequence of specific cell-nutnUon ”, and 
added that “ only those substances can really influence the cell that are, if the expression may be permitted, 
eaten by it " 

In another paper of 1907 on ‘‘Biological therapy ", Ehrlich speaks of a Theraput distributive and 
in 1913, m his “ General address of chemio-therapy ” at the XVIIth International Congress of Medicine, 
he lays down as the principle of chemotherapy Corpora non agunt msi fixata 

Although he had earlier used the term specific chemotherapy , Ehrlich came to use the more general 
chemotherapy to express a complex of ideas, which included first, effective distribution to the seat of 
action , second, fixation of the drug by the cell or tissue, due to a particular affinity between them , third, 
and possible only after the fulfilment of the first two conditions, the specific action of some part of the drug 
on the cell, which was a property distinct from the affinity which resulted in fixation Because Ehrlich s 
brilliant conceptions found their most fruitful expression in the treatment of microbial disease, the term 
chemotherapy has come to stand almost exclusively for specific antimicrobial chemotherapy, or, more 
broadly, according to a recent definition (Mcllwam, Biol Rev 1944, 19, 135), for “ a subject concerning the 
properties and the various mteracbons of drug, parasite, and host ” 

The simpler idea of chemical sterilization of the infected organism preceded that of specific 
antimicrobial chemotherapy Thus, C bfacnamara (Practitioner, 1871, 6, 72) only four > ears after Listers 
introducuon of surgical antisepsis employed phenol systemicaUy on the ground that it “ upon anti-dry-rot 
principles may protect the body from suppuration Later, Koch treated animals infected with anthrax 
by injecting mercuric chloride, but succeeded only in killing the hosts 

From these considerations, we are led to the conclusion that the unqualified term chemotherapy 
is inadequate In any branch of science, it is axiomatic that a term should be used by different persons 
as a symbol for the same thing or idea. Thought and word are inextricably associated, and a looseness or 
inconsistency of terminology necessarily implies some underlying imprecision of ideas But whatever 
may be its most suitable designation, the extent and depth of the subject (or subjects) usually regarded 
as pertaining to chemotherapy are indicated by the articles which follow 
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A SKETCH OF THE HISTORY OF 
CHEMOTHERAPY 

E M LOURIE, MB.DPH 

Dtrectir of tit IVcmrtgtjn Torkt Department of Chemotherapy 
Liverpool School of Tropical \itdicme 


Tie word “chemotherapy” means, literaUy, the use of 
chemical substances for treating the sick. This would cover 
a vast field m the practice of medicine, including the use of 
Quite simple compounds such as sodium bicarbonate or 
aspirm for dyspepsia or headaches, and more complex 
substances such as vitamins or hormones for deficiency- 
juseases or endocrine disorders The term should, however, 
restricted in its meaning to the intention of its ongmator, 
raul Ehrlich, that is, to the treatment only of infections (and 
perhaps cancer) by chemical compounds As has been well 
stated by Schulemann (1939), “ the investigator in chemo- 
, era Py staves after somewhat different aims [from those of 
e Pharmacologist] He is not concerned with restoring 
seased cells to their normal function or with bringing about 
a reversible alteration of the cell-functions He aims at 
reaching the parasite-cells and at throwing them function so 
•rreversibly out of order that the parasite dies but the host 
remains as Unharmed as possible ” Chemotherapy is thus 
at the same time a department of pharmacology and an 
extension of that subject. It is a part of pharmacology 
m so far as it is concerned with the action of drugs on the 
infected subject , and it lies outside a strict conception of 
Pharmacology in so far as it is concerned with the action of 
rtrugs on the parasite In fact, some of the more striking 
■nodem advances m chemotherapy derive from studies of 
nrug-action on the parasite, protozoon or bacterium, in the 
test-tube, isolated from its host, though the ultimate picture 
can be obtained only by complementary studies both in vitro 
and m vivo (Mcllwam, 1943a) 

Origins of Chemotherapy 

Texts on the history of medicine have acclaimed as the 
father of Chemotherapy that colourful, robust, hard-drinking, 
Quarrelsome rebel against authority, whose name, in keeping 
with his flamboyant character, was Aureolus Theophrastus 
Bombastus von Hohenheim (1493-1541) Generally known 
as Paracelsus, one account has it that he himself chose this 
name, with charactensUc self-esteem, in order to signalize 
his parity with Celsus, one of the great physicians of antiquity 
The progress of medicine had been delayed for thirteen 
hundred years by unquesUomng servitude to the teachings of 
Galen, and it was the outstanding service of Paracelsus that 
he finally broke the bonds of this powerful tradition. He 
startled and outraged the academic world by inaugurating 
his appointment as professor of medicine in Basle by publicly 
burning the works of Galen, and by lecturing in German for 
all to understand, instead of in Latin for the favoured few 
While discarding the doctrine preached by Hippocrates of 
the four humours— blood, phlegm, black bile and white 
bile— he reintroduced that great teacher s method of prac- 
tising as far as possible ui the light of experience and exact 


observation rather than from the books of traditional 
authority 

It is perhaps largely because of his vigorous championing 
of antimony, and other elements, for all manner of ills, and 
because of his reputed introduction of mercurials for the 
treatment of syphilis (Garrison, 1929), that claim may be 
made for Paracelsus as the founder of chemotherapy 
However, although he infused some measure of honesty and 
chemistry, in place of humbug and alchemy, into the practice 
of medicine, his outlook and methods were inevitably very 
heavily tainted with the magical and irrational ideas of bis 
age Indeed, medicine seems, no doubt because of its 
subjective quality, always to have lagged well behind other 
sciences m discarding magical precepts It is significant that 
the rational approach of Robert Boyle (1627-1691), epitomized 
m The sceptical chymist, earned him recognition as one of 
the originators of the scientific method , yet, when writing 
on therapeutics, he could warmly recommend mixtures 
containing worms, horse dung, human urine, and moss from 
a dead man’s skull (Clark, 1940) 

Let us then place Paracelsus as no more than the somewhat 
cautiously acknowledged grandfather of chemotherapy, whilst 
having no doubts about referring to Paul Ehrlich (1854-1915) 
as the father of modem and scientific chemotherapy With 
the clear foundations of microbial parasitism introduced by 
Pasteur (1822-1895), and with his own studies on the 
chemistry and selective vital staining properties of dyes to 
build upon, Ehrlich constructed an intricate and ingenious 
edifice of theory, together with considerable practical 
achievement By imagining parasites to be endowed with 
particular points of attachment, chemo-receptors, with a 
special affinity for specific drugs, and by embellishing this 
concept with all manner of improvisations to meet the 
vagaries of his experimental results, he created a fertile and 
provocative field for experiment and argument, highly 
stimulating to subsequent workers in chemotherapy up to 
the present day Ehrlich’s .greatest practical achievement 
was the introduction of salvarsan (now known as arsphena- 
irune) for syphilis m 1910 This was, however, not the only 
infection for which a specific remedy was by this tune known. 
Cinchona bark and quinine had already long been recognized 
as remedies for malaria, and ipecacuanha and emetme had 
also already been established as specifics for amoebic 
dysentery In the field of veterinary medicine, arsenical 
compounds were already in use for trypanosome infections, 
and Nuttall & Hadwen (1909) had introduced trypan blue 
for babesia infections 

The chemotherapy of spirochaetal and protozoal diseases 
now made great strides, but it was not until the introducUon 
of the sulphonamides by Domagk in 1935 that bacterial 
infections came well within the range of chemotherapy This 
was a turning point in our history, since all previous efforts 
to devise chemotherapeuuc agents against bacterial mfeefions 
had been so consistently disappointing that the belief was 
growing that such infections were inherently insusceptible to 
treatment by chemotherapy The next and latest high peak 
of achievement was the discovery of penicillin by Fleming 
(1929) and of its therapeufic appbcaUon by Florey (Chain 
Florey, Gardner, Heatley, Jennings, Orr-Ewing & Sanders 
1940) This was the culminating triumph in a long history 
of the investigation of the by-products of micro-organisms as 
possible therapeuuc agents Elsewhere in these columns 
Florey (1946) traces this history as far back as sixty or 
seventy jears ago, when a number of workers, including 
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Pasteur & Joubert (1877), observing that one micro-organism 
can elaborate a substance harmful to another of different 
species, remarked on the potential significance of this for 
therapeutics Indeed, there are several contemporary accounts 
of the successful protection of animals from anthrax bacilli 
by the inoculation of bacteria antagonistic to these pathogens 

Some Omissions from this Survey 

A survey as brief as this must necessarily be highly selective 
The first sections below will deal with protozoal and spiro- 
chaetal infections, which practically monopolized the field of 
chemotherapy until the introduction of the sulphonamides, 
but no account will be given of the chemotherapy of leish- 
maniasis, in which there have been some spectacular successes, 
and no further mention will be made of amoebiasis There 
will also be no further reference (except in connection with 
syphilis) to the history of penicillin and other antibiotics, 
since tlus is fully covered elsewhere in the present issue of 
this journal (Florey, 1946) The chemotherapy of helminthic 
infections, of wounds, and of cancer will also not be men- 
tioned, and, needless to say, in each section below there will 
inevitably be obvious omissions of much that is important 


The Chemotherapy of Malaria 

It seems that we must now abandon the oft-told tale of the 
introduction of cinchona-bark into Europe by the wife of 
the Viceroy of Peru, the Countess Anna de Chinchon, after 
she had been cured of malaria m Luna about three hundred 
years ago It now appears that this lady died in Spain before 
her consort went to Soutn America The Viceroy’s second 
wife, who was with him in Lima, never suffered from malaria , 
furthermore, she died on her way home, and therefore 
cannot be credited with having brought back the bark 
herself (Haggis, 1941) 

Certain it is, however, that Jesuit missionaries and priests 
played a leading role, from about this period, m the importa- 
tion of the bark mto Europe In spite of the fact that it was 
the only true specific known against any disease, its virtues 
were not universally accepted, and for a very long time there 
was much bitter opposition to its use This was probably 
due partly to the fact that other preparations besides those 
of cinchona bark were, intentionally or otherwise, frequently 
confused under the name of Jesuit’s bark by the innumerable 
middlemen engaged in its distribution, and partly to the 
fact that then, as now, febrile disorders not due to malaria 
were often wrongly labelled by that name It was not until 
the first half of the 19th century that cinchona was fairly 
generally accepted as a specific for malarial fevers, and 
quinine and cinchonine, isolated by Pelletier and Caventou 
m 1820, and the other alkaloids later, were duly recognized 
as the active agents About this time nations with Eastern 
dependencies, in particular the British and the Dutch, 
became alarmed by the possibility that Cinchona species, 
indigenous only to South America, might eventually become 
extinct owing to the extensive felling of forest trees to meet 
the rapidly expanding demand There followed, accordingly, 
a period of intense endeavour by English and Dutch scientists, 
explorers and adventurers to transfer seeds or plants to India, 
Sa and other countries These attempts contained all the 
ingredients of story-book high adventure, including all 
manner of rivalries, misunderstandings, disguises, frustration, 
a violence Details would take far too long to tell, and 

say .ha. success seemed a. firs, .o favour .he ^ 


British, rather than the Dutch By 1880, the European 
markets were receiving nearly 20 times more bark from India 
and Ceylon than from Java {Markham, 1880) 

However, the species which grew so well on the Indian 
plantations, the hardy Cinchona succirubra, yields a relatively 
poor supply of quinine, in relation to total alkaloids, and 
since the popular demand was specifically for quinine rather 
than the other alkaloids, these plantations never became an 
economic success The eventual ascendancy of the Dutch 
in this field can be traced to the purchase by their govern- 
ment, for a trifling sum, of a handful of seeds collected in 
1865 for an Englishman, Charles Ledger, long resident in 
Peru These chanced to be of a type, subsequently named 
Cinchona ledgeriana, which yields an exceptionally high 
proportion of quinine, but which was very difficult to grow 
However, the Dutch succeeded m combining the special 
virtue of C succirubra, that is its haidihood, with the virtue 
of C ledgeriana, that is its high quinine-content, by the 
simple expedient of grafting the one upon the other , the 
success of the Java cinchona plantations is, in fact, said 
to be based on the grafting of millions of C ledgeriana 
scions on understocks of C succirubra (Taylor, 1945) By 
the outbreak of the first world war the Java plantations were 
supplying about 95% of the world’s quinine 
In time of war the importance of adequate means of 
treating malaria is paramount In 1916, for example, General 
Sarrail had to report, at a critical period, that his army in 
the Balkans was immobilized in hospital on accourt o 
malaria (Sergent & Sergent, 1932) This was representative 
of the situation m many theatres in malarious countries, 
and it is not too much to say that the supply of quinine was 
one of the essential features upon which the outcome ot the 
first world war depended After the war an intensive search 
for synthetic antimalarials was conducted m Germ y 
With the aid of a technique devised by Roehl (19- • 
testing antimalarial activity m canaries, the first notobk 
success was scored in 1924 by the discovery of plasmochim 
now known as pamaquin (Schulemann, 

Winder 1932), and this was then followed by the mor 
Sable atebrin, now known as mepacrine (Mans, 4 
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jear in December 1943 to 26 per 1,000 per year in November 
1944, with a duth rate of less than 1 in 3,000 
However, there were weighty reasons for a determined 
search for alternate e actimalarials It was not safe merely 
to wait for the value of mepacrine to be proved, and among 
other disadvantages eventually confirmed was the fact that 
benign tertian malaria is not cured by mepacrine but merely 
suppressed, only to recur later Intensive research was 
therefore pursued in Britain and America, and the most 
striking result was that achiev cd in the discov cry of paludrine, 
-as the result of an entirely new approach m the search for 
antimalanals, by Curd, Davey <1 Rose (1945) It was not 
possible to obtain canaries, m sufficient numbers for routine 
tests on all the innumerable compounds synthesized, and a 
method was devised for using young chicks infected with 
mmoduim gallmaceum, in the preliminary sorting out of 
Potential antimalanals, with resource to other types of 
audarial infection in chicks and canaries as required 
- hypothesis of James (1931) was adopted, that the 
mabilit> to effect causal prophylaxis (or radical cure) in 
mgn tertian malaria in man is due to hitherto undemon- 
strated exo-erythrocytic stages of the parasite, such as were 
ter demonstrated for P gallmaceum (James & Tate, 1937 , 
thr Coulston, 1944) The efforts of Curd, Davey & Rose 
tfterefore took the direction urged by James (1937), namely, 
o turn a drug which acts not only against the forms occurring 
111 me erythrocytes — and therefore perhaps as a suppressive, 
or as an ameliorative agent in man — but which acts also 
-against the exo-erythrocytic stages m the bird-infections, and 
ence as a possible causal prophylactic or radical curative 
agent in man 

Most of the very considerable synthetic work of earlier 
investigators in the search for antimalanals had concentrated 
on variations of either quinoline (as in quinine and plas- 
mochm) or acridine (as in mepacrine), considerably less 
C e rf t! rf * Iavin ^ ^ een P a 'd to other heterocyclic ring systems 
,, ur “ 1 Davey & Rose, however, chose at the outset to explore 
e Possibilities of the pyrimidine nucleus, for a number of 
novel reasons, and their researches soon led them to lay 
considerable stress on the conclusion that one of the deter- 
minants of antimalanal activity is a molecular configuration 
wich allows of certain types of tautomeric change It 
° l 0V, |?u ^ rotri t * us * at ^ 111 pyrimidine compounds selected 
-as exhibiting a high degree of antimalanal activity, the 
!i ™i rm 8 were broken in such a way as to leave undis- 
the tautomeric possibilities, antimalanal activity 
might be retamed On this reasoning the pyrimidine nucleus 
u mscarded, and biguamde compounds emerged, one 
which is paludrine, first tested in man by Adams, Maegraith, 
rf 8> Townshend, Davey & Havard (1945) and Maegraith, 
Adams King, Townshend, Davey & Havard (1945) It is 
o early for this substance to have established its final place 
m e treatment of malaria, but it is notably non-toxic and 
on all three of the mam forms of human malaria Like 
!" pa ^ rme tout probably more readily), it can prevent rnfec- 
u rom becoming established and is a radical cure in 
ma ignant tertian, but apparently not always m benign 
tertian, malaria 
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followed by ncoarsphcnamine in 1912, may actually be 
traced to the demonstration by SVolferstan Thomas in 1905 
that an arsenic il, atoxyl, is effective against trypanosome 
infections It was then shown by Ehrlich & Bertheim (1907) 
that, contrary to an earlier belief, atoxyl consists of p ammo- 
phcnylarsomc acid, and there followed the well-founded 
theory, based on studies ui utro (Ehrlich, 1909a), that the 
activity of this substance is attributable to its reduction to 
the corresponding arsenoxide form 

However, Ehrlich did not urge the use of phenylarsenoxide 
analogues in man, believing them to be too toxic If atoxyl 
or similar substituted phenylarsonic acids, be still further 
reduced, beyond the arsenoxjde stage arsenobenzene deriva- 
tives are obtained, and it was among these that arsphenamine 
and neoarsphenamme were found Like the arsonic acid 
prototype, the arsenobenzene form is believed to be relatively 
inactive, its parasiticidal effect coming into play only on 
oxidation to the corresponding arsenoxide form (Voegtlin & 
Smith, 1920) 

In recent years (Foerster, McIntosh, Wieder, Foerster & 
Cooper, 1935) the idea has been revived of employing the 
active form, i e the phenylarsenoxide, in the treatment of 
syphilis, rather than its inactive precursors, the phenyl- 
arsonic acid or arsenobenzene forms, and m amino- 
/>-hydroxyphenylarseno\ide (mapharside, neohalarsme) is 
now very widely used It is more toxic to the host than the 
other forms, weight for weight, but this is offset by its 
exceptional toxicity for the parasite, so that quite small 
doses, normally well within the range of safety for man, are 
efficacious Phenylarsomc acids are not used for early 
syphilis but one compound of this type, tryparsamide (see 
under Trypanosomiasis), has found an important place m the 
treatment of neurosyphihs, because of its powers of penetra- 
tion into the central nervous system, in which location it 
presumably exercises its effect upon being reduced to the 
arsenoxide form (Hawking, Hennelly & Quastel, 1937) 

Ehrlich's hope was that with arsphenamine or neoarsphena- 
mme he might achieve his ideal of “ therapia stenlisans 
magna ” — that is eradication of infection by means of a 
single dose It soon became clear, however, that for the 
treatment of human syphilis by these and related compounds 
repeated injections are necessary, preferably together with 
bismuth, m courses extending over many months Such 
courses are, of course, exceedingly irksome, and the effect 
is that considerable numbers of patients do not complete 
their treatment Marshall (1944), for example, states that 
not even half the patients who begin these long courses of 
injections persevere long enough to ensure a cure-rate of 
more than 80% With the object, therefore, of reducing the 
duration of treatment to the absolute minimum, i e to 
approach as closely as possible to Ehrlich's ‘ therapia 
stenlisans magna,” short term schemes of intensive therapy 
by intravenous drip were introduced by Chargm, Leifer & 
Hyman (1935) Their original technique employed neo- 
arsphenamine during a 5-day penod, but this proved to be 
too toxic, and considerable modifications by innumerable 
investigators have since been explored, including the use of 
mapharside instead of neoarsphenamme rapidly-repeated 
injections of massive doses instead of intravenous dnp, and 
variations m the duration of treatment. 

A new era m the treatment of syphilis was ina ugurated 
by the discovery of the activity of penicillin in spirochaetoses 
The demonstrauon of therapeutic action against Spirochaeia 
recurrentis and Spirillum minus infection* in mice suggested 
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chat the substance might be effective against syphilis (Lourie & 
Collier, 1943), but the first cases to be actually treated were 
investigated in the United States (Mahoney, Arnold & Harris, 
1943) The great advantages are complete freedom from 
serious toxic effects, and short duration of treatment such 
as has been aimed at by the schedules of intensive arseno- 
therapy, but it is too soon for final judgments to be pa ss ed 

The Chemotherapy of Trypanosomiasis 

The discovery of atoxyl as a therapeutic agent against 
trypanosomiasis by Thomas in 1905 did not mark the 
beginning of arsenical therapy in these infections Inorganic 
preparations, such as sodium arsemte, had been used with 
somewhat indifferent success since long before the recognition 
of trypanosomes as the cause of nagana in cattle and of 
sleeping sickness in man (Braid, 1858 , Livingstone, 1858) 
After the demonstration of the activity of atoxyl, a number 
of Ehrlich’s arseno benzene compounds, which he synthesized 
as much with a view to sleeping sickness as to syphilis, were 
given a trial m Africa Thus, arsphenamine and neo- 
aisphenamine were considerably used, and one of the most 
promising of this series was arsenophenylglycme (Ehrlich, 
1909b) A special virtue of the latter was that, unlike other 
arsemcals, it was effective against trypanosomes which had 
developed drug-resistance as a result of insufficient treatment 
by atoxyl, arsphenamine, or any of a considerable range of 
arsemcals (The recently introduced jj-arsenophenylbutync 
acid compound of Eagle (1945) also exhibits this property, 
which Ehrlich (1909b) found to be shared by those arsemcals 
which contain an acetic ‘acid radical ) 

However, whilst most of these arsenobenzene derivatives 
were effective in the early stages of infection, they were 
eventually judged to be of little or no use once the central 
nervous system had become invaded The introduction of 
tryparsamide by Jacobs & Heidelberger in 1919 was therefore 
a great step forward, since it provided a drug which is often 
curative in cases of cerebral involvement, although it has 
the disadvantage of sometimes giving rise to optic atrophy, 
especially in the very type of case in which its use is most 
called for, l e where the infection has reached an advanced 
stage 

Whilst arsemcals are, on the whole, highly efficacious 
against T gambiense, they are of considerably less value 
against T rhodesiense , sleeping sickness, and there has 
therefore always been a need of alternative remedies One of 
Ehrlich's earliest triumphs in chemotherapy, directly arising 
from his studies of the selective affinities of living matter for 
dyestuffs, was the demonstration of “ therapia sterilisans 
magna ” against trypanosome infections m mice by an azo 
dye derivative of naphthalene and benzidine— trypan red 
(Ehrlich & Shiga, 1904) This did not prove to be of practical 
value in man or domestic annuals, but it gave a lead to the 
production and examination of a very long series of related 
compounds, not all dyes, culminating in 1920 in the announce- 
ment of Bayer 205 (now known as suramin, or antrypol), 
a non-s taming complex urea derivative 

The exceptionally high therapeutic index of this compound 
(Haendel & Joetten, 1920 , Mayer & Zeiss, 1920) m infected 
mice seemed to give promise of outstanding efficacy in man 
Its discovery was therefore announced with considerable 
fanfare the secret of its composition was jealously guarded, 

W its' potential value to Africa was apparently thought m 
and its potenuai a sensatl onaUy high order 

Zc SSSfSww- «*— sh ° u,d * ‘ (pope ' 2J6 


1924) With considerable ingenuity, which it was necessary 
to exercise no less in order to obtain the drug for analyst 

!y a * f 5 aCtual examma hon, Fourneau, Trefouel & Vallee 
(1924) elucidated and announced its compos>tion, and this 
was confirmed some years later by the Germans 1 It is now 
known to be of value only in early cases of sleeping sickness 
of both the gambiense and the rhodesiense type, and is useless 
after the central nervous system has become involved 
A new class of trypanocidal compounds was discovered 
in the aromatic diamidines The lead to this was given by 
the finding of von Jancso & von Jancso (1935) and Schern & 
Artagaveytia-Ailende (1936) that synthalin (decamethylene- 
di guanidine) is effective against trypanosome infections m 
mice Synthalin had previously been introduced into medical 
practice as a means of reducing the blood-sugar in diabetes, 
and since it was known that trypanosomes consume large 
amounts of glucose, the von Jancsos and Schem believed that 
the therapeutic effect of synthalin m trypanosome infections 
was mainly due to the fact that the parasites were deprived 
of glucose as a result of hypoglycaemia produced in the host 
However, Lourie & Yorke (1937) showed that synthalin 
exercises an exceedingly powerful direct action on trypano 
somes in vitro, and, moreover, insulin, which reduces the 
blood sugar par excellence, has no action on trypanosome 
infections This led to the examination of a series of other 
guanidines, and then to related isothioureas, amines, and 
amidmes (King, Lourie & Yorke, 1937), resulting in the 
eventual selection of certain aromatic diamidines, such as 
pentamidine, as the most promising (Lourie & Yorke, 1939). 
Like suramin, these compounds have proved to be highly 
effective in early, but not m late, gambiense and rhodesiense 
sleeping sickness 

The most important trypanosome infection of cattle is that 
caused by T congolense This is notoriously refractory to 
arsemcals and other compounds of proved value in human 
trypanosomiasis, but there is considerable promise here 
in the phenanthridmium series, introduced by Browning, 
Morgan, Robb & Walls (1938) 

The Sulphonamides 

Dyestuff chemistry played an important part in the incep- 
tion of sulphonamide- therapy, as it had already done in the 
development of the chemotherapy of protozoal infections^ 
The sulphonamido group had long been known to incr ^ c 
the fastness of acidic dyes to washing and to light in iw-, 
Mietzsch &KIarer introduced this group to the : dye chrysoid n, 
which had already been found by Eisenberg (1913) to exercise 
some antibacterial activity in vitro but not m vivo, ind th 

resulting compound, p-suJphonanudo-cbrysoidin, or prontosil, 

was announced by Domagk (1935) as an effective agen 

against infections with haemolytic streptococci It was the 

shown by Trefouel, Trefouel, Nitti & Bovet (1935) that the 
nart of the pronfosil molecule which conferred staining 
properties was m no way essential to its therapeutic powers, 
which were equally displayed if the substance were abbrt- 

™!ed to p-ammo-benzenesulphonam.dc (commonly known 

3S The^numerous sli Iphonamide drugs which have since been 
4 a intn oractice selected from many hundreds 
introduced P. are merely substituents of 

synthesized earlier compounds, substitution was 

sulphamlamide I i the Jirne ^ phani/anJlde) , Uiesc 

£p?/d ggJSy -* e .„ B hydrolyzed m j,, body.. 

1 [Sec also B MB 934 J 
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sulphanilanude In the later and more effective compounds 
substitution was in the amide group (as in sulphapyndine, 
produced by subsUtution with pyridine) , and they exercise 
their effect direct without being converted in mo to sulphaml- 
amide Still more recently, compounds have been introduced 
in which subsutuUon is both in the amino and the amide 
group Such are succinylsulphathi azole (sulfasuxidine) and 
phthalylsulphathiazole (sulfa thalidine), which have a special 
place in the treatment of infections of the intestinal tract, 
where they are slowly broken down to the effective com- 
ponent, sulphathiazole 
It is not possible in such a short review to mention even 
the names of all the more important sulphonamidcs, still less 
to describe the stages by which they have found their level 
in therapeutics The crude generalization must suffice that 
the action of sulphamlamide and its immediate successors 
was found to be mainly directed against haemolytic strepto- 
cocci, B colt (in urinary infections), meningococci and, to 
a less extent, gonococci With sulphapyndine (Whitby, 193 ), 
pneumococci also came to be covered, and the action on 
gonococci was improved , and with sulphathiazole (Herre 
Brown, 1939) and sulphadiazine (Feinstone, Williams, Wo , 
Huntington & Crossley, 1940), the range widened still lurtner 
to include staphylococci, though the latter are not as spec 
tacularly susceptible to any sulphonamide as they are o 
penicillin 

Modem Theories of Drug Action 

The development of sulphonamide-therapy natmralty gave 
a considerable impetus towards the formulating o ra. 
conceptions of the mode of action of chemotherapeutic 
agents in general, including drugs other than sulphonami 
Ehrlich’s theories of drug-action did recognize a 
attachment of a chemotherapeutic substance to l app 
pnate “receptor” on the parasite ceU interferes fatahy, 
m an undefined way, with the nutritional sta e 0 
Nevertheless, as McHwain (1943b) has point ted out, tt use 
theories were conceived without relationship ° 
porary developments m biochemistry There s tors 

been no attempt by Ehrlich to identify his drug-receptors 
with enzymes or their substrates, although muc Uon 

knowm which might have suggwtedsudim ffi^ fay 

The newer onentation of ideas was ^ « er aneutic 

Fildes (1940) along the followmg 
agents are considered to act by interfering 
essential for the parasite’s growth , the. ^ 
mterference-effect (l) by oxidizing a su * formrng 

to be reduced, or (u) by molec ular combination, . forming 

’ [S«o also BMB 919 —Ed 1 
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an inactive product, or (in) by competition for an enzyme 
associated vwth utilization of the metabolite by the parasite 
For mechanism (m), the chemotherapeutic impound would 
characteristically be so similar structurally to the essential 
SSt both would fit the same enzyme In the field 
of general biochemistry examples had long been taown of 
such interference with enzyme reactions, by the interposition 
of compounds structurally akin to the natural substrate or 
co-enzyme concerned, and the classical instance of this in 
komnihpnnv was orovided by Woods in 1940 
It had been known since the work of Colebrook, Buttle & 
O’Meara (1936) that, contrary to earlier theories, sulphona- 

action could be antagonized 

antagonism can be effected specificaUy by p-aminobenzotc 

iad , 

sulphanJamide acts by blocking the enzymes whidi subserve 
to the utilization of p-aminobenzoic aad essential to the 

Pa The le conMption has been pursued that the growth of 
bactena may be inhibited by substances structurally similar 
S mSbohtes essential for the nutrition of those bacteria 
For e^mple analogues of the essential metabolites nico- 
tinic acid ? and nicotinamide have been found to be mhibi- 
££ to bacteria m v«ro (Mcllwam, 1940) The pnnaple 
hJbeen beautifuUy applied m the actual discovery of a 
new chemotheiapeutic agent, it was argued a prion tot 
pantoyltaunne, structurally similar to the essential metabolite 
pantothenic acid, should be able to.exercise chemotherapeutic 
properties agamst infections of haemolytic streptococci m 
StoSd thiswas, m fact, found to be the case (Mcllwam & 
Hawking 1943) The chemotherapeutic effect was not of 
a very high order, but the value of the work is that it was a 
radical departure from the tune-honoured technique of hit 
or miss ” m the search for new chemotherapeutic substances 
In the past a particular chemical group may have been sus- 
pected or shown to exerase some activity agamst a particular 
infection, and the common procedure was then to synthesize 
hundreds — perhaps thousands — of compounds of that group, 
and to test each in turn, m the hope of striking upon a really 
useful chemotherapeutic agent. But m Mcllwam & Hawking’s 
demonstration of the chemotherapeutic effect of pantoyl- 
xa urine, the results were fairly exactly anticipated, by prior 
biochemical observations on both host ard parasite, with the 
clearly-defined aim of preventing the parasite from utilizing a 
known metabolite essential for its existence 
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In many countries there is now proceeding extensive search 
for new antibiotics, investigation into the nature of their 
structure and biological properties, and research into the 
susceptibility of various infections to them The impetus 
to the search has become much greater since it was shown at 
Oxford m 1940 that one of them— penicillin — was not only 
an antiseptic but a chemotherapeutic agent, that is, a drug 
which can be administered so as to circulate m the blood- 
stream m sufficient quantity to cause infecting organisms to 
die or at least to cease multiplication, while at the same time 
the body-tissues are not harmed The work of the last few 
however, is only an expansion of studies in which, 
cmrVthe time of Pasteur, bacteriologists, botanists and other 

, .unrkers have been engaged 
scientific yse of the word “ antibiotic ” to mean the 

Although , t a nces involved m bacterial antagonism 

» Waksnian, H ° mme 
Wrisch & Woodruff (1947). the observation ofantagomsms 


_____ ~~~~ .1 lecture which was delivered al the Rojal 

. t.,,., 1 on the Lister t | ( er 7, Dr , 1 V_ r 1945 and published in the BrinOt Medical 

&'k?s£« "™ 

Journal, 19«, Z, 




between bacteria, and even the idea that one bacterium 
might thus be used to combat another, has frequently 
occurred VuiUemin wrote in 1889 
“ Nul n’a trade de parasite le lion qui fond sur sa p rote, 
ou le serpent qui mstille du venm dans la plaie de sa victime 
avant de la devorer Ici, point d’equivoque un etre detruit 
la vie d’un autre etre pour entretemr la sienne le premier est 
completement actif, le second est completement passif 
celui-la est sans restriction contraire a la vie de celui ci 
Le cas est si simple qu’on n’a jamais songe a lui donner un 
nom Cette condition au lieu de s’offrir isolement a notre 
examm, peut se presenter comme facteur de phenomenes 
plus complexes Pour simplifier le langage, nous l’appellerons 
alors antibtose , 1’individu actif sera I 'antibiote , i’mdividu 
passif sera le support ” 

“ Antibiosis ” finally came to mean the interference with 
the growth of one micro-organism by another Thus we 
arrive at the modem word “ antibiotics ” as the name for the 
chemical substances, products of metabolism, which are 
frequently involved in this antagonism But long before the 
adoption of these terms, people of Central Europe, the 
Ukraine, Central America, and possibly of other countries, 
deliberately grew moulds, probably of the kinds called 
Pemcilha, to be used as applications to wounds The taking 
of yeast was advocated m 1852 by an English practitioner 
Mosse for the treatment of boils— a treatment which had 
already been used in the north of France, and is even now still 
in use but as the yeasts have never been clearly shown to 
produce any definite chemical substance combating patho- 
genic organisms, any beneficial effect from them is possibly 
caused by their vitamins 


First Scientific Observations 
rst demonstration of antibiotic action against 
ic organism was made by Pasteur and his co/lcagu. 

. ~ i-r—t /»/} thfil if i .tnfhr i ' 
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bacilli m urine was contaminated by organisms from the air 
the anthrax bacilli were destroyed 


P b£wW bactebia in F ^ Tc^SSi 


“ L’unne, aije dit, neutre ou lcgcrcmcnt alcalme, cst un 
excellent terrain de culture pour la bactendie , quo unnc 
soit pure et la bactendie pure, et dans l’mtervalle de quelques 
heures, celle-ci est tellement multiplice que les longs mamen 
qui la composent remplissent le liquide d un feutragc d aspec 
cotonneux , mais si, au moment de deposer dans 1 urine es 
bactendies a titre de semence, on seme en outre un orgarusme 
aerobie, par exemple une des bactenes communes, la bacten e 
charbonneuse ne se developpe pas ou tres-peu, et elle pen 
entierement apres un temps plus ou moms long Chose len 
remarquable, ce meme phenomene se passe dans le corps es 
ammaux qui sont le plus aptes a contracter le charbon et on 
am\e a ce resultat surprenant qu'on peut mtroduire a 
profusion dans un animal la bacteridie charbonneuse sans 
que celui ci contracte le charbon , il suffit qu au liqui e qui 
tient en suspension la bactendie on ait associe en meme emps 
des bactenes communes Tous ces faits autonsent peut-e e 
les plus grandes esperances au point de vue therapeutique 



Pasteur and Joubert thus found that by introducing some 
common bactena into the animal body at the same time as 
the anthrax bacillus, the death of the animal from anthrax 
could sometimes be prevented As Pasteur was at the une 
mainly interested m immunity, he did not pursue the mat r 
In 1885, Babes demonstrated on sohd as well as in qui 
media that one organism can elaborate a substance w c 

will stop the growth of another, and suggested that e 

contmuee et generahsee de cette action reciproque 
bactenes les unes vis-a-vis des autres, pourra con une a 
donnees therapeuuques ” He correctly deduced from his 
expenments that the inhibitions of bactenal grow 
observed were brought about by a definite chemical substance 
produced by the antagonistic organism In the same yea 
Cantani (1885) evolved the idea of replacing a ar 



ie effect of one fluid 

e cultures by a substaece permaable.to mmSo..* ^ cu , ture 
ctena Previously this had Chamberland filter Frost 

side and the . one culture in a collodion sac 

odified the ret o / k containing the other culture 

Id suspending the sac in a contained B typhosus 

oSm. Certain unidentified soil 


FIG I A METHOD, WHICH IS STILL 'fFrost^lKW) 
DETECTING BACTERIAL ANTAGONISM (Frost, ) 



Frost writing in 1904 gave this illustration of the method which 
had first been described by Garre in 1887 Ps fluorescens ' was plan tea 
on the surface of an agar plate in 6 radial streaks and the P|“J . 
incubated for 24 hours to give time for metabolites to be proouc 
and to diffuse through the agar B typhosus was then 
radial streaks alternating with those already grown After lurtner 
incubation it was apparent that Ps fluorescens had produced an 
inhibitor which had prevented the 8 typhosus from growing except 
at the periphery of the plate where the streaks were furthest apart. 


, thp tu bercle bacillus) m the tissues of the lungs 
Tan ill-defined harmless organism (which \ 

XSoiSem^?— 6 Sroun^ltures 

of this bacillus mto the lungs, and claimed good results This 
w f as the first example of the idea of the replacement of one 
pathogenic organism either by another less pathogenic or, if 
possible, by an innocuous organism, an idea which freq uen y 
S subsequent pathological and clinical literature 

Two years later the Swiss, Garre (1887), introduced a 
method for examining bactenal antagonism by means of 
alternating streaks of two species of bactena grown on a 
SSdBh containing agar-a method essentially the same as 
some of those still in use Garre wrote 

‘ Auf die brach erhaltete Platte impfe ich gleichzeitig in 
parallelen Stnchen alternirend den Bac fluorescens und den 
gtaoh pyog— so zwar, dass jeweilen die Distanz der 
Impfstriche grosser wird, von 3-15 mm Der Bac fluoresc 
wachst rascher seme Ausscheidungsproducte diffundiren 
ia die Umgebung und werden fur die naher gelegenen 
Staphylococcus impfungen zum absoluten Entwicklungshin- 
derm^ Es handelt sich also mcht um ern Ueber- 

wuchem und Verdrangen der emen Art durch die andere 
rascher sich ausbreitende,— wie etwa in einem Garten uppigcs 
Unkraut zarte Pflanzlinge ersticken kann Es ist auch kern 
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dispombeln NaJirung durch rascher 
keimende Mikroorgamsmen, sondera es liegt luer ein 
Antjjgomsmijs durch Ausscheidung specifischer, leicht 
diffundirender Stoffe vor, die fur die emen £ten em 

StotS - era,ss b,lden ' fur dK 3Wta aber 

Garres paper was not illustrated, but in 1904 Frost 
descnbed seven methods for the investigation of the antago- 

mefho H f0P r ertl f 0f bactena > ^ amons these was Garre’s 
method, of which Frost pubhshed an illustration (Fig 1) 

One of the most interesting methods descnbed by Frost is 
tha in which he grew one bacterium in liquid medium in a 
flask and another in medium contained in a collodion sac 
suspended m the flask, an antibiotic produced by the 
bacterium m one medium could diffuse through the 
collodion and inhibit the bacterium in the other (Fig *>) 

The first photographic record of the phenomenon of 
antibiosis was published in 1889 at Kiel m a thesis by Doehle 
(big 3) This illustration — the photograph for which was 


Howard W Florey 


aU th ! bacteno]o ^ts who worked on it 
at that time, had in mind its use for therapeutic pumoses 

comdT h ’^ r m T nCe> m 1887 had sb °wn that somTeffect 

aXax bvth^ u protectu13 rabb ^ from experimental 
anthrax by the simultaneous mjection of a streptococcus from 

* 3 ® f f eiysip . eIas * Chniaans had long beheved that an 

and m Mien!?* Wa t^ n j ficial 10 certam chronic infections, 
and in 1883 Fehleisen had deliberately treated a case of lupus 

by injecting streptococci from a patient with erysipelas 
Emmerich, however, demonstrated that there was no 
antagonism between the two organisms m vitro on the 
surface of a solid medium, so he ascribed his results to 
stimulation by the cocci of the body-cells, which were then 
able to demolish the bacilli 


FIG 3 THE FIRST ILLUSTRATION OF ANTIBIOTIC ACTION 

(Doehle, 1889) 



Doehle poured a plate of gelatin medium containing anthrax bacilli On the 
surface he planted, in a square, a coccus to which he gave the name Micro- 
coccus anthracatoxicus After incubation the anthrax bacilli had grown in the 
peripheral part of the plate (a), but both outside and inside the square 
formed by the Micrococcus (b) the anthrax bacilli had failed to grow (c) 


actually taken by Hoppe-Seyler himself— shows the anthrax 
bacillus, which had been sown m a solid medium, being 
inhibited m the neighbourhood of a certam micrococcus, 
which Doehle had isolated and called Mtciococcus anthra- 
cotoxicus , planted m the form of a square 
Thus by 1889 the phenomenon of microbial antagonism 
well known and had been illustrated, and not only 


Pyocyanase and its Clinical Utilization 

The most promising attempt at the therapeutic use of a 
natural antibacterial substance was started by the work of 
Bouchard in 1 889. He observed that the injection of a culture 
of Ps pyocyanea could confer some degree of 
protection on rabbits infected at the same time 
with anthrax Metabolic products of the bacteria 
were next used instead of whole cultures, and 
trials on man of “ proteins ” from cultures of 
Ps pyocyanea were made ten years later by Honl 
& Bukovsky (1899) 

Meanwhile, Emmerich and Low were indepen- 
dently working with the same organism, and 
in 1899 they prepared from old cultures of Ps 
pyocyanea an extract which they called pyocyanase, 
capable of lysing suspensions of B anthracis m 
vitro, and also bactericidal to Bad typhosum, 

C diphthenae, staphylococcus, and P pestis 
At first they attempted systemic administration of 
pyocyanase in experimental infections in animals, 
but it proved too toxic and eventually was used 
only as a local application to infected parts Its 
clinical use for many infections by local applica- 
tion was widespread for some time, but by about 
1912 or 1913 had practically ceased, apparently 
because the commercial preparations made at that 
time were inactive Although Emmerich and Low 
seem to have confused the antibiotic effect of the 
substance with the views on immunity held at that 
time, the work with pyocyanase was the first 
serious attempt to use a bacterial product or 
antibiotic in medicine for curative purposes 
The important idea of differential toxicity, which so 
largely governs the choice of antiseptics today, must 
have been widespread at that time, for Eschench wrote in 1906 
“Die Wiederaufnahme dieser Bestrebungen wurde erst 
moehch a Is die Fortschntte der Wissenschaft uns nut Stoffen 

1UU ® U * - . Ar>e VormnffAn JlOhCfl 


bekannt machten, welche das Vermogen emer 


was 


the untouched cooled (gelatin] plate alternate parallel 
This was carried out so that the 


1 i l J,r°n U /lwnr«ccni and Staph pyogenes This was carried out so that the 
A '? ke ^°lLuveen the inoculated strokes increased from 3 to IS mra B fluorescens 
^ew more quTcUy Its products of secretion ddTused into the surroundings and 


growing 10 n of the available foodstuff by the more 

plants s ere is an antagonism caused by the secretion 

quickly g which are inhibitory to the growth of some 

species 'but 'completely meffectne against others 


SSSto BWtal besassen, ohne die den bishengen 
Antiseptizis anhaftenden Schadigungen der Cewebe £s sind 
j “7.. au f dem Wege der Autolyse aus 
rTl t d erien gewonnenen baktenzidcn Sub- 
yen auf deren Vorkommen und Bedeutung zuersi 
Fmmerich und Low die Au fmerksamke. t geienkt habin J 

— endeavours first became poiuble wlcn the march 

1 The resumption or tr , ubsu&;e , whuh po a h bactericidal 

of science made if ^ uire ta-’.e harnung the ta-uo c, do presided/ knot rn 
capacity .re'thTba-"^ 1 substar*es obumcJ from the 

antiseptics. Th«e and sl ,ral.car_e of -h~h Eirnctuh and Lorn t„u 

of bacteria to the eruic 
drew attention 
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It is interesting to note that as recently as 1943 Rake, 
Jones & McKee found that a good preparation of pyocyanase 
inhibited the growth of Str pyogenes at a dilution of 1 in 
24,000 Recently Doisy and his colleagues (Hays, Wells, 
Katzman, Cain, Jacobs, Thayer, Doisy, Gaby, Roberts, 
Muir, Carroll, Jones & Wade, 1945) have isolated from the 
products of Ps pyocyanea four crystalline substances, 
Pyo I, H, III, and IV, which act powerfully against gram- 
positive organisms and appear to have little toxicity to 
animal tissues 

Antibiotics from a Micrococcus and from Aerobic Sponng 
Bacilli 

While these cluneal trials were being made, other investiga- 
tions were being recorded In 1903 Lode wrote of an 
accidental contaminant, a gram-positive coccus, which he 
had found while preparing a plate of Micrococcus tetragenus 
for class demonstration (Fig 4) He subcultured this 
orgamsm and showed that it produced a diffusible substance 
which strongly inhibited the growth of anthrax bacilli and 
Staph aureus, but not Bact coh or Fnedlander’s bacillus 
Lode did comprehensive and painstaking investigations of 
this substance he showed that it was bactericidal, and that 
it was not an enzyme, though it was thermolabile, being 
inactivated slowly by heat It could be dried by vacuum 
distillation and was soluble in alcohol but not in ether 
Neither the micro-organism nor its metabolic products were 
toxic to animals, but unfortunately in artificially produced 
infections m mice the product had no chemotherapeutic 
effect 

In 1907 a Frenchman, Nicolle, demonstrated the existence 
of bactericidal substances produced by a common spore- 


FIG 4. ONE OFTHE FIRST BACTERIAL ANTAGONISMS 
STUDIED (Lode, 1903) 



Lode noticed tha a culture of Micrococcus tetragenus was inhibited 
by an accidental contaminant — a coccus He isolated this coccus 
and studied its antagonistic properties extensively He found that 
some kinds of bacteria were inhibited more than others and some 
not at all (differential action) that the number of bacteria to be 
inhibited affected the efficiency of the antagonist (inoculum size 
effect) and that the antagonist was bactericidal He succeeded in 
obtaining the active material in fluid culture and made observations 
on the conditions necessary for its production and on its chemical 
nature 

The gelatin plate illustrated was sown with At tetragenus which 
was Inhibited round the three colonies of the coccus 


FIG 5 INHIBITION BY PNEUMOCOCCUS OF 
MENINGOCOCCUS (Colebrook, 1915) 



Colebrook noticed that the pneumococcus inhibited many other 
bacteria in culture His illustration shows a streak of the pneumo- 
coccus (horizontal) crossed by two streaks of meningococcus 
(vertical) The pneumococcus inhibited the left-hand streak 
which was made by inoculating a relatively small numberof meningo- 
cocci but had no effect on the right hand streak where the inoculum 
was heavier Most antiseptic substances are subject in some degree 
to this ' inoculum size effect , and if the effect is great the thera 
peutic value of the substance is thereby reduced 
Colebrook attempted to use the antibiotic properties of the 
pneumococcus by spraying it into the throats of carriers of the 
meningococcus in the hope that it would establish itself and replace 
the meningococcus 


forming soil bacterium known as Bacillus subtihs At about 
the same time, in France, Rappin experimented upon the 
effects of filtrates of the spore-forming B subtilis, B mesen- 
tencus, and B megatherium on the tubercle bacillus He 
wrote m 1912 

‘ Apres avoir constate, ll y a deja longtemps, faction si 
energique de ces diastases, je fus naturellement amene a 
penser que, peut-etre, elles etaient susceptibles aussi de 
posseder des propnetes lmportantes sur 1’evolution de la 
tuberculose et ll y a pres de deux ans, j’mstituai quelques 
experiences dans le but de verifier cette hypothese J’injeetai 
ainsi a quelques cobayes prealablement inocules de tuber- 
culose des cultures filtrees de B mesentericus et je possede 
encore aujourd’hui un animal de cette premiere sene qui, 
traite de la sorte, conserve plus de vingt et un mois apres 
l’lnoculation virulente toutes les apparences dune parfaite 
sante Un autre qui mourut au bout de neuf mois, sans 
avoir mamfeste aucun trouble et apres avoir suivi une 
ascension reguhere de son poids ne presentait aucune lesion 
a 1 autopsie on notait seulement 1 existence d un ganglion 
a 1 inoculation et un autre de l’autre cote Enfin fait tres 
important, le produit de raclage de ces ganglions mocule a 
un autre animal n a paru determiner jusqu ici chez ce 
dernier aucune reacuon 

‘ Repetee sur dautres cobayes cette experience a donne 
des resultats semblables et je possede plusieurs arumaux 
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FIG. 6. INHIBITION OF ONE STRAIN OF BACT COLI 
BY ANOTHER (Gratia, 1925) 



The agar plate was sown all over with one strain of Bact coh, and 
the other strain, which produced an inhibitor, was planted in the 
centre After incubation a zone of inhibition was seen round the 
central colony, though four isolated colonies had grown within the 
zone It is not uncommon for a few resistant bacteria to grow 
from a strain otherwise sensitive to an antibiotic and this may 
complicate testing, particularly in liquid media 


traitds de la sorte a des epoques plus ou morns eloignees de 
l’moculation tuberculeuse qui demeurent en plerne saute 
apparente, alors que Ieurs temoms sont morts presentant 
toutes Ies lesions classiques de la tuberculose experimentale 
“ Pour obtemr ces resultats, un nombre relativement faible 
d’injections a suffi Quelques-uns de ces ammaux ont regu 
seulement deux injections de bouillon filtre de mesentericus 
a la dose de un k deux centimetres cubes sous la peau et 
d’autres la meme quantite mais dans la cavite peritoneale, 
sans que m Ies uns m Ies autres n’aient du reste paru touches 
par ces mjections, ni presente de reactions ” 

Zukerman & Minkewitsch (1925) found on a plate of 
pseudo-diphtheria bacilli an accidental contaminant antago- 
nistic to their growth The organism was B mesentericus 
vulgatus, and it showed antagonism only to diphtheria and 
pseudo-diphtheria bacilli, not to staphylococci, Bact coh, 
Bact typhosum, or a number of dysentery bacilli Also in 
1925 Rosenthal contributed work on the bacteriolytic powers 
of B scaber, another spore-forming organism Some of the 
more recent work with spore-forming organisms will be 
referred to later 


Bacterial Substitution Therapy 

There were various attempts after Cantam’s to replace 
harmful by harmless bacteria Schiotz (1909), a Danish 
physician, noticed that a patient with a staphylococcal 
Infection wrongly diagnosed as having diphtheria and placed 
Stem ward, <M not develop the disease SaMCs 
" „ r i<ai, h f»ratelv sprayed suspensions of staphylococci into 
Voats of earners with, he claimed, good results The 
the thro suc h “replacement therapy was 

w'^SSsted by P Metchmkoff (1909), to replace what he 
that sugges y orgams ms in the intestine by the Bulgarian 
considered harmful oS used a siraiiar organism, 

lacto-bacillus , later Newman treated 

B acidophilus, vx the same way 
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cases of cystitis by injecting lactic acid bacilli mto the bladder 
in the same year Colebrook showed inhibition of meningo- 
cocci by pneumococci (Fig 5), and suggested using the 
pneumococcus to combat the meningococcus in the throats 
of earners , and in the following year Nissle (1916), main- 
taining that certain strains of Bact coh were antagonistic to 
other, more harmful orgamsms, put on the market a product 
called * mutaflor ”, a preparation of living Bact coh which 
were supposed to replace these more harmful orgamsms in 
many intestinal diseases. A similar antagonism was described 
in 1925 by Gratia, who published an illustration demon 
strating the inhibition of one strain of Bact coh by another 
(Fig 6) In the same year Ahvisatos showed the inhibition 
of staphylococci by pneumococci (1925, Fig. 7) The 
pneumobacillus of Friedlander was suggested by Papacostas 
and Gate (Papacostas & Gate, 1921 , Gate & Papacostas, 
1921) for the treatment of diphtheria carriers 
In connexion with the idea of “ fighting ” one bacterium 
with another, an interesting line of reasoning was displayed 
by a Pole, Nitsch (1908), who was m France at a time when 
the towns of Lyons and Versailles were notorious for then- 
freedom from epidemics of cholera It occurred to him that 
possibly bacteria in the air of these regions might have the 
property of inhibiting the growth of the cholera organism, 
and that if they were swallowed they might exert their 
antagonistic effects m the intestine He found eleven strains 
of air bacteria out of 220 from various parts of Versailles, 
and four out of 253 from Pans, which when cultured at 

FIG 7. INHIBITION OF STAPHYLOCOCCUS BY 
PNEUMOCOCCUS (Ahvisatos, 1925) 



, ,own with a suitable mixture of pneumo- 

"fte culture plate After meubation, deer zones where 

occus and staphylococci n werc sccn round the colonics 

he staphylococcus had ‘ s tr)ed co 5 how whether the inhibition 
f pneumococcus A metabolite by growing the pneumococcus 
J caused by a ehe d fLeStng the broth, a/ er sterilizing it by 
i onTpiatc town wah staphylococci, but the result of this 

epenment was o( pneumococcus hid inhibitory 

e showed that many 

jwer 
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37° C inhibited the growth of Vibrio cholerae Another Pole, 
Choukevitch, in 1911 continued these observations, with 
three of Nitsch’s Versailles strams of cocci He confirmed 
that if a streak of one of these organisms was planted on an 
agar surface and V cholerae was planted at the same hour 
on the following day, growth of the vibrios did not take place 
within a distance of 1 cm from the antagonist He found 
that the inhibition was not due to acid, that the inhibitory 
substance developed in broth as well as m solid media, and 
that it was thermolabile and not capable of filtration He 
attempted to establish the cocci in the intestines of new-born 
rabbits, but was not able to demonstrate any protection 
against ingested cholera organisms 

Other Ideas for Use and Production 
In 1917, in Australia, Greig-Smith made the first observa- 
tions on the actmomycetes , he noticed that some of these 
organisms grown from soil had the power of stopping the 
growth of certain bacteria In 1921 Lieske published a mono- 
graph on the subject of antibiotics produced by actmomyces 
and there were important contributions soon afterwards by 
Gratia & Dath (1924, 1925), who examined many sources for 
organisms producing antagonistic substances, and v>ere 
particularly struck by the effects of a streptothnx which caused 
the dissolution of the staphylococci with which the plate was 
heavily sown (Gratia, 1934 , Fig 8) They used the lytic 
powers of the substance produced by their streptothnx or 
actinomycete instead of heat to kill the bactena used in the 
preparation of vaccines known as m> colysates Kimmelstiel, 

Much and Sartonus (Kimmelstiel, 1923, 1924 , Much, 1925 , 
Much & Sartonus, 1924 , Sartonus, 1924) made similar 
attempts to use bactena dissolved by ferments produced by 
micro organisms , then product was sold under the name 
of “ sentocym ” More recent work on Actinomyces will be 
referred to later 

In the nineteen-twenties a new idea, which has yet to be 
developed, was introduced by Schiller (1924a, 1924b, 1925a, 

FIG 8 INHIBITION BY A STREPTOTHRIX (Gratia, 1934) 



Gratia showed that some strains of streptothnx had the power to 
dissolve bacteria. A heavy emulsion of staphylococci was incor- 
porated in a gelatin culture plate and the streptothnx was planted 
on the surface (A and isolated colonies) After 3 days as the 
illustration shows the staphylococci near the streptothnx had 
dissolved and in a week the medium had cleared completely 
Gratia made use of a streptothnx to dissolve bacteria for vaccines 
and the mycolysates as he called them were used clinically 


FIG 9 INHIBITION OF ONE MOULD BY ANOTHER 
(Harder, 1911) 



Harder a botanist published in 1911 an account of inhibitions 
which he had observed among Basidiomycetes and Ascomycetes 
growing in culture This illustration from his paper shows a colony 
of Pemcillium luteum (above) stopping at a distance the spread of 
Stereum purpureum (below) over the culture plate 

1925b, 1927 , Schiller & Giltscher, 1928) He brought 
forward evidence that yeasts and possibly other organisms 
could be trained to produce substances that were antagonistic 
to certain bactena, by growing them on media m which the 
only source of nitrogen was the bodies of the bactena it was 
desired to antagonize He claimed that m such experiments 
yeasts developed a theimolabile inhibitory substance which 
might be of value m therapeutics He called the phenomenon 
“ induced ” antagonism, in contradistinction to the 
“ natural ” antagonisms 

Mould Products 

The first example of a mould yielding an anubiotic was 
recorded m 1896 by Gosio, when he obtained a crystalline 
substance from a Pemcillium in the course of his investiga- 
tions on mouldy maize, thought at that time to be the cause 
of pellagra. The antibiotic is now called m>cophenolic acid 
Gosio showed that the crystalline material inhibited the 
growth of anthrax bacilli, and regretted that he was unable 
to perform animal experiments because of lack of material 
Recently the antibiotic and biological properties of this 
substance have been more fully investigated (Florey, Gilhver 
Jennings & Sanders, 1946) Vaudremer found that the 
mould Aspergillus fumigatus would digest” the tubercle 
bacillus, though he had a dispute with Rappin over the 
question of priority In 1913 Vaudremer reported animal 
experiments, and described in the following terms the result, 
of injecting A fumigatus filtrates into patients suffering from 
tuberculosis 

“ Toute conclusion est ega'ement prematuree si on envisage 
le traitement de la tuberculose humarne Depms 1910, rous 
a\ons train, plus de deux cents malades avec les extraits 
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FIG 10 PRODUCTION OF AN ANTIBIOTIC BY ONE 
SPECIES OF PENICILLIUM BUT NOT BY ANOTHER 
(Porter, 1924) 



Porter, a botanist, tried to protect plants from attack by fungi, 
by using the antibiotic properties of bacteria or of other fungi 
He tried both growing the inhibitory organism near the plant 
it was desired to protect, and also injecting its metabolic products, 
e g into an orange exposed to the spores of a mould His illustra- 
tion shows that one species of Penicillium (C) inhibited at a distance 
the growth of Pestalozzia (A), while another species of Penicillium (B) 
had no effect 


d ’A fumigatus , le traitement a ete applique dans plusieurs 
hopitaux et sanatonums parisiens Des faits que nous avons 
observes, on peut conclure a l’mnocuite de ces injections qui 
ne provoquent jamais de reaction febrile Parfois meme on 
voit survemr des guerisons mesperees Dans d autres cas, 
on observe une amelioration passagere , mais malheureuse- 
ment les faits son t encore nombreux oil la tuberculose poursuit 


son evolution ” 

Vaudremer had been trying to get a direct effect on the 
tubercle bacillus in vivo by injecting a mould metabolism 
solution. It is now known that A fumigatus produces four 
antibiotic substances, at least one of which, helvolic acid 
(Chain, Florey, Jennings & Williams, 1943 , Waksman & 
Geiger, 1944) has some action against the tubercle bacillus 

in vitro (Jennings, 1945) 

Meanwhile, during this quarter-century of sporadic 
development, important methods and observations had been 
elaborated by botanists Reinhardt, for example, in 189-, 
had described the inhibition of a fungus, Peziza tnfoliorum, 
bv a bacterium at a distance of 25 mm , as well as antagonisms 
between Pen, cilia and Aspergilh when these were grown On 
solid media In 1911 Harder showed the inhibition of 
Stereum purpureum by Penicillium Interni ng 9) Many 
observations were made and general technical procedure, 
furnished by Porter (1924), who noted among other things, 
SJ penicillium inhibited the growth of Pestalozzia (Fig 10) 
a !nL«une example of fungal inhibition, using the 
technique of growth on agar, was described by Nadson & 
Sketch (1923), who found a contaminating fungus, which 


they later called Spicaria purpurogenes, with the capacity to 
kill the common baker’s yeast 
The observation on the moulds which has had most 
consequence was made in 1929, when Fleming noticed a mould 
which had accidentally fallen on to one of his culture plates 
and which was causing the dissolution of staphylococci in 
its neighbourhood (Fig 11) He subcultured this mould 
(subsequently identified as Penicillium notatum) in broth and 
found that it secreted something into the broth which had 
the power of stopping the growth and eventually slowly 
killing many pathogenic organisms He called the broth in 
which this antibacterial substance had been secreted 
penicillin, and later the antibacterial substance itself was 
given this name He observed that the broth acted on many 
important pathogenic organisms such as the streptococcus 
and staphylococcus, while others, such as H influenzae and 
the Salmonellas, remained unaffected The crude metabolism 
liquid was shown not to be more toxic to animals than broth 
in which nothing had grown No curative experiments were 
performed on experimental infection in animals, but the 
suggestion was made that the substance would be useful for 
dress mg septic lesions in man, and indeed some were so 
treated without, however, any very striking results The 
clinical possibilities of this antibiotic were not pursued until 
the beginning of the next decade, although Fleming main- 
tained his strain of the mould and made use of the broth m 
differential culture media in the laboratory 

The Position m 1939 

The position at the end of the nineteen-thirties may 
perhaps be summarized thus A very large number o 
observations on antibiosis had been recorded from 187 
onwards — some of the most striking have been considere , 
but there were a great many more— and from all this work 


FIG II THE FIRST OBSERVATION ON PENICILLIUM 
NOTATUM (Fleming, 1929) 



,s a photograph of the original plate on which Hem. sj of 

?ony P of Pen, album dissolving the “™bte d toVe «!to" °' 
ylococd. Not all bacteria were suscepdHe lncorpor2twg 
lould, and Fleming made use of this propenyoy differential 
on which the mould had grown bro th was 
- e Among other experiments he showeo inat 
to bacteria than to human leucocy 
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certain proposals had emerged for the use of micro-organisms 
m therapeutics 

1 The replacement of a pathogenic organism by another 
and less harmful organism — for example, “ Bact termo ” 
to replace the tubercle bacillus in the lungs , staphylococci 
to replace diphtheria bacilli, and pneumococci to replace 
meningococci, m the throat , lactic acid bacilli and Bact coh 
to replace organisms infecting the intestine 

2. Artificial immunization by one organism to protect 
against infection by another 

3 The use of lytic substances from one organism for the 
preparation of soluble vaccines of other species — for example, 
Much’s sentocym and Gratia’s mycolysates 

4 The use of soluble bacterial or mould products as a 
topical application for the treatment of local infections — for 
example, pjocyanase and penicillin broth 

5 The use of soluble bacterial or mould products by 
parenteral injection to treat established diseases — for example, 
pyocyanase in anthrax, and Vaudremer’s extracts of Asper- 
gillus fumigatus and Rappm’s extracts of B subtilis in 
tuberculosis These were examples of true chemotherapeutic 
use 


Discovery of Penicillin's Chemotherapeutic Powers 
In the early part of 1939 a wide investigation of natural 
antibacterial substances was planned by Dr Cham and 
myself, and penicillin was one of the first chosen for investiga- 
tion. In 1932 Clutterbuck, Lovell & Raistrick had published 

FIG 12. ACTIVITY OF LICHENS AGAINST BACTERIA 
(Burkholder, Evans, McVeigh & Thornton, 1944) 


FIG 13 INHIBITION BY GREEN PLANTS (Osborn, 1945) 



Plants have from prehistoric times been used for medicines and 
some have had a high reputation for preventing suppuration in 
wounds Certainly many plants can be shown to contain anti- 
bacterial substances The cylinders on the plate illustrated contain 
watery extracts of 

I Allium sativum 
2. Spiraea aruncus 
3 Ranunculus bulbosus 
A Prunella vulgaris 

The last, which was negative in this test was called ‘ self heal " 
and was recommended by 17th century herbals for treating wounds 



Extracts of lichens were made in a mortar and tested by the cylinder- 
plate method against various bacteria. In the experiment illustrated 
the lichens were extracted by grinding them with ether the 
ether was then evaporated and the residue taken up in buffer 
pH 7 4 for testing This is a useful method for testing for the 
presence of antibiotics which are insoluble in water but can be 
extracted by an organic solvent. 

The bacterium on the plate Is B cereus and the numbered cylinders 
contain extracts of Cladonia cristalella (2) C carohmana (3), C 
Grayl (5) and C coniocraea (6) 


a paper in which they showed that penicillin could be produced 
by the mould on a synthetic medium, and that it could be 
extracted from water into ether if the water was made acid, 
but that large losses of antibacterial activity occurred on the 
evaporation of the ether They had recognized that penicillin 
was most stable around neutrality, but had stated that it was 
a very labile substance, and they did not carry the work 
further Based on this work we found, with our colleagues 
at Oxford, a method for extracting the penicillin and making 
preparations which, though crude, had high antibacterial 
activity After some preliminary biological experiments 
with these extracts, it became clear that the substance might 
be of exceptional interest and a team of workers was 
assembled in the Sir William Dunn School of Pathology at 
Oxford. In 1940 the first observations on penicillin from 
Oxford were published (Cham, Florey, Gardner, Heatley 
Jennings, Orr-Ewing &. Sanders), which clearly distinguished 
this antibiotic from any of its predecessors They showed that 
artificial infections m mice with the streptococcus, staphylo- 
coccus and Cl septique could be completely controlled by 
injections of a penicillin extract, so that there was almost 
100% survival from infections which would otherwise 
certainly have been fatal In other words, penicillin was 
a chemotherapeutic drug of great power, that is to say, it 
was of such low toxicity that it could, without producing any 
toxic signs, be injected by parenteral routes in amounts which 
would stop the growth of bacteria in all parts of the body 
Many other mvestigauons were made A full account of 
these, together with the results of the first clinical trials, was 
published in 1941 (Abraham, Cham, Fletcher, Flore), 
Gardner, Heatley <£. Jennings) and the results of a larger 
clinical tnal m 1943 (Florey & Florey) Two of the facts of 
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at P Ovfir? P C « W ? lch emer S ed the laboratory work 
at Oxford were, firstly, that extracted penicillin was f u Z 

and^n thC PrCSe u Ce of pus and tissue-breakdown product 
and of arge numbers of bacteria, all of which impaired S 
antibacterial action of all the sulphonamides known at that 
time and, secondly, that even very impure ex°Iacts were 
non-toxic to animals in concentrations hundreds of times 
greater than those required to inhibit bacteria, and that with 

™J EESS ™ the 

Examples of Recent Work on Some Special Groups 
Spormg Aerobic Bacilli 

At the present time a widespread survey of natural sources 
such as plants, moulds, and bacteria, is being made for the 
presence ofantib.oftcs In 1939 Dubos, after lo“sindy and 
preparation of soil bacteria, had described the isolation of 

bacTf « ‘ Ve , ““ n'f C fr0m a s P° r =-f°™ns soil 
Z p T f S ’ B Z 111 collaboration with others he investi- 

f chem h rM SUb ZZ’ known M tyrotb ncm, from both 
a chemical and biological point of view, and in the clinic 

nZ? nCm WaS f ^ Und t0 consist of two crystalline poly- 
peptides, gramicidin and tyrocidme, which are both 
antibiotics They have proved too toxic to act as chemo- 
therapeutic agents, but have had some use as local 
applications, and have proved to be of the greatest interest 
to the crystallographers for the study of protein structure by 
x-ray methods Gramicidin was shown to be particularly 
active against gram-positive organisms such as pneumococci 
and streptococci 

From the group of spore-forming bacteria, also, Johnson 
and his collaborators (Johnson, Anker & Meleney, 1945) 
have prepared a substance which they have named 
bacitracin”. This seems to affect the same range of 
bacteria as penicillin , it has been shown capable of con- 
trolling experimental disease in mice, and can be used 
successfully at least as a surface application for disease 
m man 

This group of organisms is the subject of active research 
at the present time in more than one country, and new 
publications continue to appear 
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penicillin, but it is probably too tnxio , 

th?i£1^ 

Higher Plants 

*■*£»* p,a "* «*> contain am, bacteria! sub- 

i 1 * and his colleaeaes (Burkholder, Evan,, 
, , 8h & Thornton, 1944) examined a large number of 
‘t ns ’ WhlC ? a ? a symblosls of fungus and alga, by grinding 

extract P anri h ? Z °u° ther S ° lutl0ns and ‘“‘mg the liquid 
ZnZ rc d Z nd that many contained inhibitory sub- 
l.rbpn w SOme ° f Which Jt was suggested might be 

J?® n acids> but a s yet no real chemical examinations are 
reported and no further biological examinations In a 

POWER o| T r/Pc?^JJ ST,NG THE ANTIBACTERIAL 

P °^PPirni^f£ 5 ? MYCETES AND ot HER FUNGI 
DIFFICULT TO GROW IN LIQUID CULTURE 

(Wilkins & Harris, 1944b) 



Actinomycetes 

Among several antibiotic substances extracted by Waksman 
and his colleagues (Schatz, Bugie & Waksman, 1944) from 
the actinomycetes, one known as streptomycin has been 
investigated which has proved to be particularly interesting 
Although little toxic to animal tissues, it stops the growth of 
many pathogenic organisms at high dilution, and is active 
against some of the organisms not inhibited by penicillin, 
for instance, some of the gram-negative organisms such 
as Bad coh and Ps pyocyanea, and it has some effect 
against the tubercle bacillus Its possible use for the treat- 
ment of tuberculosis is now being actively pursued, but it 
is still too early to say what it may achieve Waksman & 
Woodruff (1942) have also described streptothricm, a 
substance similar to, but more toxic than, streptomycin , and 
Gardner & Cham (1942) isolated, from an accidental* con- 
taminant, proactinomycin, which acts against gram-positive 
organisms, and has been shown to have chemotherapeutic 
properties against peritoneal infection by the streptococcus 
when given by mouth (Florey, Jennings & Sanders, 1945) 
Its range of antibacterial activity is very similar to that of 


The fungus to be tested was grown on a solid medium and when 
the colony was well developed radial strips were cut out of it an 
removed, together with the underlying agar Warm agar was 
sown with a test organism such as a staphylococcus, and P 0UP ® 
into a Petri dish Before the agar set, the strips from the lung 
colony were dropped into it. The plate was then incubated 
illustration shows inhibition by two species of Basidiomyce 
Tricholoma nudum (I) and Chtocybe aurantiaca (2) In the fo 
the older part of the fungus colony (c) has produced the , . 

inhibitor, while in the latter the younger part (e) has pro 
the most 


limlar way upwards of three thousand green plants have 
een examined by Osborn (1943, 1945, Fig )< 
y others (for example, Cavalhto, Buck & Suter, » 
’avalhto, Bailey & Kirchner, 1945), with the discovery 
lany with an antibacterial action , j 

Heatley, m investigating (3944) the antibiotic P* 
y a small wild flower, Crepis taraxacifoha, eluci 
iterestmg phenomenon He found that an 
recursor was present m the plant and that the >e ^ 

' the flower contained an enzyme which, by ac 1 * , n j 
•ecursor, produced the antibiotic This he crys a 
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called crepin As aa antibacterial substance it is of little 
interest, although it has a powerful pharmacological action 
on the mammalian heart, but it is interesting to speculate in 
what way, if any, this enzyme-substrate reaction can benefit 
the plant, and whether its antibacterial powers have any 
significance 

From the surveys which have been made of scientific 
collections of fungi and of higher plants, as well as from the 
examination of stray contaminants, one sees that literally 
hundreds of producers of antibactenal substances are now 
known and that probably hundreds of new compounds await 
a comprehensive investigation 

Possible Further Uses of Antibiotics 

Antibactenal action, however, is only one aspect of the 
potenUaliues of these substances, for their possible effects 
on protozoa and other non-bactenal causes of disease, 
particularly m the tropics, and on the fungi which cause skin 
infections, are as yet Little explored In this connexion there 
is interest in a substance which, it now appears, was first 
detected by Dutch workers (van Luijk, 1938) in the course of 
an investigation of Pemcilhum expansum They eventually 
extracted a crystalline antibiotic which they called expansme, 
the same as that which has later been obtained from several 
other moulds and goes under a variety of names— clavacin, 
clavatin, clavifonmn, patulin, pemcidin. This substance has 
a powerful antifungal effect and was used by the Dutch 
observers for treating fungus diseases of the skin. Sanders 
(1946) has found that many pathogenic fungi are inhibited 
by it at a dilution of at least 1 m 160,000, but it is toxic even 
when applied locally and its possible place in therapeutics 
remains to be seen Both gramicidin and penicillin have been 
used m veterinary medicine, and the interest of antibiotics is 
not confined to human or animal therapeutics, for penicillin 
has been used successfully and apparently economically to 
beat the galls on apple trees caused by a susceptible 
bacterium, by injecting crude metabolism liquor containing 
penicillin into each gall (Brown & Boyle, 1944), and other 
bacteria and some of the fungi which cause plant diseases 
have been shown to be susceptible to antibiotics (Waksman & 
Bugje, 1943 , Anslow, Raistrick & Smith, 1943 , Gilhver, 
1946) 

Procedure of Antibiotic Research 
The procedure for investigating substances which may be 
antibiotics is now fairly clearly established, and should 
he systematically followed. First the production of an 
antibactenal substance must be demonstrated Usually 
moulds and bacteria are grown in liquid media and the liquid 
is examined by some such method as Heatley’s cyhnder-agar 
plate technique for inhibition of staphylococcus, Bact coh 
or other selected organisms This method of testing is equally 
sui able for testing any liquid extract and has been applied 
0 the examination of plants and other possible natural 
sources. 

Many basidiomycetes have been shown by Wilkins & 
si'h T | lS • Wilkins, 1945) to produce antibactenal 

stances, and as most of these fungi grow very slowly in 
cial culture and do not produce spores, the initial detec- 
W u ° f * eir antl ' 3actena * action presents some difficulties 
uwns and Hams grew the fungus on a solid medium and 
' Mt r a sharp tool cut out a section passing through the 
. e 0 l " e colony This section was embedded in an agar 
e sown with bacteria, and if inhibitors were present they 


diffused out and inhibited the bacteria in the plate It was 
possible by this means to see whether the younger or older 
part of the fungus produced the antibiotic (Wilkins & Hams 
1944b, Fig 14) 

After it is demonstrated that an antibiotic is present, the 
first step towards the investigation of any substance is to 
find the best conditions for its production In the case of fungi 
and bacteria it is a matter of finding the best cultural con- 
ditions and the best composition of the culture medium 
With fungi m particular, the latter is often of the greatest 
importance, for a fungus may grow luxuriously and yet 
produce no antibiotic if the medium is not suitable, whereas 
on another medium, on which growth may be poorer, the 
antibiotic will be produced With plants the production of 
the antibiotic has to be considered in relation to the season 
of the year, the phase of growth of the plant, the different 
parts of the plant, and so on Then comes the examination 
of the best way to extract the substance Though eaph 
extraction presents a new problem, experience has shown 
that certain lines of investigation should be followed Many 
substances are soluble m organic solvents and most of these 
are relatively easy to purify, especially by means of chromato- 
graphy Neutral substances which are insoluble in organic 
solvents, however, still offer great difficulties m purification, 
but gradually methods are bemg evolved to deal with sub- 
stances of this class 

After the substance has been extracted m a highly concen- 
trated or pure form, the range of organisms against which 
it is active— usually pathogenic organisms are considered 
first — is determined, together with such data as whether it is 
inactivated by serum or body-flilids The toxicity to whole 
animals, usually mice, is determined, and it is particularly 
important to determine the effect of repeated injections, for 
in chemotherapeutic practice repeated doses will always be 
necessary For example, some antibiotics, of which a single 
injection is well tolerated, produce liver damage when the 
injection is repeated often Toxicity to individual tissues is 
determined by in vitro observations on leucocytes or tissue 
cultures and by injections into the cerebrospinal cavity or 
other selected sites in animals Pharmacological investiga- 
tions into the effect of the substance on the most important 
physiological functions follow Of these, the observations 
on the heart, blood pressure and respiration are the most 
important. If, at the end of these investigations, a substance 
appears to be both sufficiently powerful against bacteria and 
sufficiently non-toxic, protection experiments on appropriate 
animals, such as mice, or, for the tubercle bacillus, guinea- 
pigs, become justifiable The infection must, of course, be 
induced by an organism sensitive in vitro to the antibiotic 
under test, and in order to determine the route and frequency 
of administration, and the size of the dose, studies on 
absorption and excretion in animals must be carried out 

The failure to carry out systematically this scheme of 
procedure undoubtedly accounts for the publication of many 
investigations which are far from complete In any case, 
before serious trials on man are earned out, comprehensive 
laboratory work is necessary One lesson has, I think, been 
clearly learnt of very recent years that, m the field of 
antibiotic research, continuous and satisfactory progress can 
be expected only when people with different technical attain- 
ments and different outlooks agree to combine for compre- 
hensive investigations Few individuals have the knowledge 
and technical accomplishments to carry through all the 
necessary chemical and biological invesugations completely 
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The skilled investigation of the chemistry of such substances 
may lead to a better understanding of antibacterial action 
The antibiotics so far known are mostly complex substances 
of large molecular weight, and the structure of few of them 
has so far been elucidated As Dubos has insisted, much 
biochemical interest attaches to the clarification of the 
mechanism by which these substances produce their effects, 
for a thorough knowledge of this may bring with it the ability 


to construct, as it were, tailor-made chemotherapeutic agents 
suitable for every infection. From a still wider point of view 
the clear definition of these antibacterial substances may help 
us to understand the ceaseless struggle for existence which 
is being continually waged by microscopic organisms 
everywhere 

Fig I, 2, 3, 4, 6, 8 and li are reproduced from blocks kindly 
lent by the Editor of the British Medical Journal 
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Recovery of a host from infection implies that the conflicting 
interests of two species — host and parasite — have in the 
instance concerned been decided m favour of the host 
We are at present interested in cases in which the recovery 
has been favoured by administration of substances to the 
already-infected host, and, in particular, in those cases in 
which the action of the chemotherapeutic agent concerned 
(or of a substance derived from it in the host) is upon the 
parasite These instances include the majority of well- 
established chemotherapeutic actions, but it will be realized 
that the class of antibacterial agents is much more extensive 
than is the class of chemotherapeutic agents which affect 
bactena It includes many inhibitory substances whose 
behaviour in a host would make them unsuitable for chemo- 
therapy In order, however, to develop the study of anti- 
bacterial agents to a point at which it may be useful m 
chemotherapy, it will be advantageous not to emphasize the 
chemotherapeutic efficacy of the agents studied. The 
question of whether chemotherapeutic agents show any 
particular type of antibacterial activity can then be raised 
at a later point 

TYPES OF ANTIBACTERIAL ACTION 
Growth of the parasite at the expense of the host is an 
essential part of infection and leads to the choice of growth 
and viability as criteria in classifying antibacterial effects 
into the following three types 

A. Actions on Bacterial Products, without much Effect on 
Growth and Viability 

Such action become^ of interest to chemotherapy when 
the products affected are of types which are concerted in the 
relation between parasite and host , of these, the most 
important are antigenic substances, toxic to the host or 
protective to the organism The use of antitoxins con- 
stitutes an important part of chemotherapy, but one which 
is conventionally studied apart from it. Of agents affecting 
protective substances, Dubos’ findings (1939-40) are out- 
standing By presenting a pneumococcal capsular poly- 
saccharide as mam nutrient to soil bactena, a species was 
isolated which yielded an enzyme capable of breaking down 
specifically that polysaccharide, in utro and in vivo Growth 
of the pneumococci was otherwise normal in vitro, but 
m vno the non-capsulated cells underwent phagocytosis and 
were unable to cause infection which proceeded in the 
absence of the enzyme In this case the action of the agent 
was such as to afford an immediate experimental connexion 
with a specific constituent of the bacterial cell, of known 
anctl ° 1 } This makes its action readily understandable , 
^ , * 3C seen below, much investigation is required before 
uch knowledge of other types of agent is attainable 


B Effects upon Growth 

Effects on growth are many and some description must 
precede attempts at their understanding If initial observa- 
tions are confined to the increase of bacterial substance 
during growth of cultures, ignoring the morphology of the 
cells so produced, the growth-curve becomes the basis of 
description Curve i. Fig 1, represents the course of growth 
commonly found m an uninhibited culture, and the effects 
which different agents have been observed to have upon 
such growth include *he following Increase in lag 

FIG 1 and 2. DIAGRAMS REPRESENTING THE COURSE 
OF GROWTH OF BACTERIAL CULTURES 




Abscissae = time 

Ordinates = logarithms of numbers of organisms 

Fig 2 covers a longer period of time than Fig I 

Curve I in each represents normal growth the other curves 

represent cultures under the influence of various substances 

which are referred to in the text. 
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(as in curve n) is the principal effect of sublethal concentra- 
tions of proflavine and methylene blue on Bad ladis 
aerogenes (Davies, Hinshehvood & Pryce, 1944) Decrease 
m rate of growth (curve in) is the first action produced on 
growth by sulphonamides (kohn & Harris, 1941) and 
pantoyltaunne (Mcllwam, 1944), and also one of the effects 
of concentrations of phenol, mercuric chloride, cupric salts 
and formaldehyde lower than those which are bactericidal 
(Poole & Hinshehvood, 1940) Limitation of stationary 
population (cuive iv) is also caused by sublethal concentra- 
tions of phenol, HgCl„ Cu++, and formaldehyde, but the 
present effect can be shown to be secondary to the action on 
growth-rate (Poole & Hinshehvood, 1940) Adverse pH can 
lower stationary population with little effect on growth-rate 

C Effects upon Viability 

If investigation of the numbers of organisms in normal 
cultures is continued beyond their “ stationary ” population, 
as in Fig 2, it is found that a slow death-rate ensues (curve 1 ) 
A proportion of organisms is, in fact, dying even during the 
growth of the culture as a whole. This can become apparent 
during the action of a bacteriostatic compound, as in curve v 
In addition, some compounds regarded as primarily bacterio- 
static — such as the sulphonamides — may to some extent 
accelerate this process (Wolff & Julius, 1939 , Colebrook & 
Cawston, 1945), but the agents termed bactericidal impose 
a much greater death-rate upon the culture, such as that 
represented by curve vi 

Until recently it did not appear that bactericidal agents 
were of great chemotherapeutic interest because their toxic 
action tended to show little specificity and to extend to animal 
tissues Their potentiality has, however, been shown by 
penicillin, though the action of this substance is not one 
which has been regarded as typical of bactericidal agents 
Phenol or formaldehyde can show differences m the intensity 
of then action upon bacteria at various stages of then growth, 
but with penicillin such differences become extreme Peni- 
cillin had little acrion on staphylococci, streptococci or 
meningococci whose growth was prevented by lack of 
nutrients , or, when nutrients were provided, by boric acid 
or by cooling But under conditions which normally allowed 
bacterial growth, as in ordinary broth or serum, penicillin 
caused then death (Bigger, 1944 , Hobby & Dawson, 1944 , 
Miller & Foster, 1944 , Hnsch, 1943-44) A further 
peculiarity of the action of penicillin on staphylococci 
appeared to be connected with its failure to act on non- 
prolifeiatmg organisms This was the non-susceptibihty to 
penicillin of a very small proportion of individuals in 
staphylococcal cultures When, later, such organisms were 
caused to grow, they were of normal susceptibility to 
penicillin 

Bactericide by penicillin reqwres a definite period of 
exposure of organisms to the drug, and this period increases 
with decreasing concentrations of penicillin Bactericidal 
effects initiated by penicillin could result in the death of 
organisms after their removal from penicillin-containing 
media (Parker & Marsh, 1946), an observation which suggests 
the existence of distinct stages, still to be defined, m its 
action 

Surveying the results of this initial classification of anti- 
bacterial action, one can observe characteristic differences 
m the effects of different compounds but little specificity to 
agents successful chemotherapeutically, and no adequate 
understanding of the origin of the actions The effects have m 


many cases been ascribed to changes in hypothetical systems, 
and a physiological classification of such systems can be 
given in teims of their necessity for initiating or prolonging 
bacterial growth , or in terms of their necessity (m systems 
affected by bactericidal agents) or at least partial dispensa 
bihty (with bacteriostatic agents) for maintenance of bacteria 
Further advance has been based on such initial analyses, but 
has employed different techniques The necessity for correct 
initial recognition of the physiological characteristics of anti- 
bacterial action may be illustrated by the lack of advance m 
understanding of the action of sulphonamides, while they 
were believed to be primarily bactericidal , or m that of peni- 
cillin, while it was believed to be primarily bacteriostatic 


BIOCHEMICAL AND CHEMICAL STUDIES 

The mam problem presented by the material of the fore- 
going paragraphs is the identification of the systems primarily 
affected by antibacterial agents To approach this one may 
enquire to what extent growth is normally affected by 
chemical substances, apart from those artificially introduced 
It is immediately found that many of the preceding effects 
can be paralleled by the acuon of substances normally 
associated with bacteria Lag is increased by lowered con- 
centrations of CO a (Gladstone, Fildes & Richardson, 1935 , 
Dagley & Hinshelwood, 1938) or Mg++ (Lodge & Hinshel- 
wood, 1939) Suboptimal concentrations of many substances 
essential to growth, including pantothenic acid (Mcllwam, 
1944), limit growth by a relatively specific action on the 
stationary population. Others affect growth-rate It might 
therefore be possible to describe the systems attacked by 
inhibitors, in terms of the substances with which ey 
normally interact 

Any investigation of the action of antibacterial g 
meets at this pomt the complexity of living organisms, an 
the fact that more is unknown than is known of the nature 
and organization of their component systems 
examination of the action of drugs on, for exaxnp e, e 
concerned with known nutrients would be extreme y 
and uncertain of yielding a positive result > 
inhibitory effects which have been discovered m ' 

have proved to be unconnected with the aefioM 
inhibitors on growth Approaches which aremore 
and selective, and m some way specific J? ILjj have 

agent concerned, are therefore required. nattem, 

bL found successful do no. confonn <° * 
but are illustrated here by investigations of sulphonan 
amrfmfi derivatives 


Sulphonamides and Drug-antagonists 
,ch an approach was found mthecase of 
ene sulphonamides, m ^ e ,. n % a L° no fthe drugs 
gonizmg their action The inhibitory uoflS of 

found to be prevented by nnscefianeo V eXtracts 
rally-occurring materials, such as sulphanila- 

np, 1939), which did 

! in the absence of the bacteria SupP rtJCU ] ar sub- 

,n to have some degree J £ associated 

:es m the extracts might be opoaea m on>st 
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shown to have the properties of p 0 f one 
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Degree of Action and Drug Concentration 

The connexions frequently studied between such characters 
became of considerable value in the analysis of the action of 
sulphonamides, after p-aminobenzoic acid had been charac- 
terized. The discovery of this substance as antagonist was 
coupled with the finding of a rough proportionality between 
the concentrations of sul phamlami de and p-aminobenzoic 
acid needed to produce a given antibacterial effect, and the 
suggestion that this was due to competition between the two 
substances for essential bacterial systems Such competition 
was expressed mathematically, assuming both compounds 
to be m equilibrium with such a system, and the rate of 
growth of Escherichia colt during its logarithmic phase was 
shown to be dependent on the quantity of p-aminobenzoate 
attached to the system (Wyss, 1941) 

Assimilation and Function of p-Aminobenzoate 

Some knowledge of this system has been obtained by 
considering the properties of p-arruno benzoic acid as it exists 
in bactena Or ganisms susceptible to sulphonamides may 
or may not synthesize p-aminobenzoic aoid, but it exists in 
their cells m a combined form If streptococci are grown in 
the presence of partly-inhibitory concentrations of sulphamla- 
mide, they can suffer defects m major metabolic processes 
such as oxygen uptake (cf Henry, 1943) , but sulphamlamide 
cannot induce such deficiencies m already-grown cells It does 
not displace from them a significant part of the p-anuno- 
benzoic acid which they contain (Mclhvam, 1945), but it does 
limit the cells m building up fresh cells containing p-anuno- 
benzoic acid. 

If sulphamlamide acts by inhibiting assimilation of 
p-ammobenzoic acid, the further question is raised of the 
manner m which this substance is essential to growth Some 
suggestions regarding this have been made by a closer 
■analysis of the course of growth of organisms in the presence 
of sulphonamides and of natural materials which antagonize 
their action If complete growth-curves are followed, 
evidence for the occurrence of a type of antagonism different 
from that of p-aminobenzoic acid is found (Kohn & Hams, 
1941 , 1943 , Harris & Kohn, 1941) This also can be 
ascribed to particular substances of natural occurrence, 
among which are methionine, certain punnes, and further 
substances still unidentified It is suggested that these 
compounds are the normal products of systems m which 
p-ammobenzoic acid functions, but the necessary biochemical 
demonstration of this is lacking 

For an approach to a full understanding of the action of 
sulphamlamide it will be necessary also to connect such 
findings with physiological features in the action of the 
inhibitors are methionine and purines less necessary during 
reactions of the lag-phase in bacterial growth, on which 
sulphamlamide has less action, than during the logarithmic 
phase, which is more susceptible to inhibition 9 The observa- 
tion that methionine and purines are components of major 
cell-materials, such as proteins and nucleic acids, may be a 
partial answer, but detailed connexions between such 
observations and the defective respiration referred to above 
rema n to be discovered 

Structural Specificity of the Inhihitmg Agent 

Sulphonamides have been discussed above collectively, 
bin quantitative differences between the activities of 
differently-substituted p-ammobenzene sulphonamides have 


given evidence confirming that their mam action is related to 
p-ammobenzoic acid. Investigation of the action of drugs, 
by examining a series of related compounds so that con- 
nexions can be found between their structure and action, is a 
well-established method, and one which follows naturally 
from that empiricism in chemotherapy which has demanded 
the production of many compounds before effective ones 
have been found Connexions between structure and action 
in themselves give only limited information, but if a relation- 
ship is suspected between an antibacterial action and further 
characteristics in the action of a drug, then the degree to 
which the two features are correlated in a senes of chemically- 
related compounds gives evidence on the validity of the 
suspected relationship 

The first charactenstic in the sulphonamides to be con- 
nected with the differing abilities of the drugs to inhibit 
bactena was the interacting ratios of the concentrations of 
the drugs and p-aminobenzoic acid (see above , Rose & Fox, 
1942) This confirmed the importance of p-aminobenzoic 
acid in their action The second charactenstic so correlated 
was the acidic-dissociation constant of the drugs This 
property was selected for investigation on the basis of the 
finding that action of sulphonamides was related to p-ammo- 
benzoic acid through competition for a common system of 
the bactena , it was considered that competition would be 
effective in so far as the sulphonanude approached p-ammo- 
benzoate in its behaviour as an ionized ammo-acid. Here a 
marked optimum in antibactenal activity at pH 7 was found 
to be associated with a pKa of 6 5 (Bell & Roblin, 1942) 
This finding was of considerable value, as through the known 
effects of substituents on the ionization of aromatic deriva- 
tives, it enabled the probable action of unknown substances 
to be predicted. 

Structural Specificity In the Action of Acndme 
Derivatives 

This latter phase in the investigation of the action of 
sulphonamides has been paralleled m that of acndme 
denvatives In this case, knowledge of the physical property 
likely to be concerned in their action was not obtained on 
the basis of pnor biochemical investigation, but by studying 
several such properties in over 100 acndme denvatives 
(Albert, Rubbo, Goldacre, Davey & Stone, 1945) Several 
organisms of varying susceptibilities to the inhibitors were 
examined, but the relative activities of the compounds were 
roughly the same in each organism , it was concluded that 
their actions in the different organisms were also similar 
Among the different compounds, structures capable of 
resonance were frequently associated with high antibactenal 
activity, but not always , lipophilic nature was not markedly 
correlated with antibactenal properties, and redox potential 
appeared of secondary and not primary importance The 
closest correlation with antibactenal properties was found 
in the basic strengths of the compounds The effect of 
substituents in the acndme molecule, upon antibactenal 
action in the resulting compounds, could largely be determined 
by their effect upon basic strength ammo-groups in the 
2- and 5- positions increased both properties , in chloro- 
denvatives, both were depressed unless the compounds 
substituted were already highly ionized , hydroxyl-groups 
also depressed both properties Nitro-groups were excep- 
tional m introducing discrepancies into the above correlation, 
presu m ably through action of a different type from that 
typical of the acndme nucleus 
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These findings were summarized in the conclusion that 
only those compounds of basicity sufficient for some 75% of 
the acridine to be present as cations at pH 7 3 were effective 
antibacterial agents As the effects of substituents on the 
basic strength of aromatic molecules is known from inde- 
pendent data, in at least a semi-quantitative fashion, it was 
possible for the probable antibacterial potency of unknown 
molecules to be indicated and to afford a guide in 
synthesis. 

Antibacterial action in the acridines fell with decrease of 
pH m a manner which was quantitatively interpreted as a 
competition between H ions and the bases, for essential sites 
on the bacteria Growth or absence of growth was con- 
ditioned by the balance of the reactions (R being a bacterial 
grouping and A an acridine derivative) R— + H~ ;== RH 
(capable of functioning) and R - + A + ^ RA 
(inactive) Little can be said of these groupings, from the 
present results, except that they are presumably acids with 
properties in some way related to the acridine nucleus , 
for not all bases act as do the acridines 

Antagonists to the Action of Acridine Derivatives 

At this point some independent characterization of the 
bacterial system affected by acridine derivatives was required 
Study of antagonists to the action of the compounds has not 
been as productive as was the case with sulphonamides, but 
has given some relevant data Firstly, the naturally-occurring 
substances most potent m antagonizing proflavine (2 8- 
diammoacndine) are nucleic acids, which act by forming 
with it complex salts (Mcllwam, 1941) These are not 
necessarily precipitated, but reduce the concentration of 
proflavine ions m solution, superimposing on the equilibria 
of the preceding paragraph the further one (N“ = nucleic 
acid ion) N — + A - "" ^ NA, through which some of the 
acridine derivative is withdrawn from the bacteria Organisms 
exposed to proflavine until they were non-viable under 
ordinary conditions could be rendered viable by exposure 
to nucleic acids Both the quantities of nucleic acid needed 
as antagonist, and features m the action of the acridines, 
suggest that their action is not to combine with all nucleic 
acids of the organisms, but with, for example, certain specific 
nucleic acids 

As with the suphonamides, different types of compound 
have been found to antagonize only limited concentrations of 
proflavine In the case of Escherichia colt, one of these 
antagonists had the properties of an ammo-acid but was not 
chemically identified (Mcllwam, 1941) With Bact lactis 
aerogenes such an antagonist was found to be of importance 
in the normal growth of the organism (Davies, Hinshelwood & 
Pryce, 1944) The mam effect of proflavine on the bacterium 
was to increase the length of its lag-period This could also 
occur independently of antibacterial agents , it was found 
in the growth of an inoculum taken from a very young 
culture, and was then annulled by addition of a sterile 
filtrate from an older culture Such a filtrate would also 
prevent the increased lag due to proflavine Substances of 
the filtrate were presumably normal products of bacterial 
enzymes, which may thus be concluded to be inhibited bv 
proflavine Here, also, the possibility is afforded of 
biochemical characterization of the system concerned The 
filtrate did not antagonize all actions of proflavine , the 
cells remained morphologically distorted 


OBSERVATIONS ON THE INVESTIGATION OF 
ANTIBACTERIAL ACTION 

From these and other examples, some general observations 
may be made with respect to current studies of antibactenal 
agents It is apparent that the effect of any one agent is to 
be traced through many consecutive systems of the bacteria, 
and, indeed, study of such agents is making considerable 
contributions to understanding the organization of living 
systems in general 

Considering such systems and commencing with the initial 
point of action of the agent, it will be seen that the 
“ receptors ” of earlier investigators are now usually legarded 
as enzyme-systems Probably not sufficient investigations 
have been carried out to show any limitations to this vien, 
but it has been of great practical and theoretical value 
In particular, it has enabled the gap between added substance 
and bacterial processes to be bridged by entities whose general 
properties are well known, although the isolation of a 
receptor concerned with antibacterial chemotherapeutic 
agents has not yet been achieved Regarding drug-receptors 
as enzyme-systems has not only given a general understanding 
of the relationship between drug ana bacterium, but has 
greatly assisted the quantitative study of their interaction 
Structural relationship between certain antibacterial agents 
and compounds normally of importance to the organisms i> 
not necessarily specific to this outlook, but investigation of 
such relationships has developed largely under the stimulus 
of enzyme theories 

r Connexion between the products of the enzymes con- 
sidered to be initially affected, and the physiological behaviour 
of the bacteria, is not by any means immediate With 
sulphanllamide or pantoyltaunne the first action of the 
inhibitor appears to be on a system building up a further 
enzyme The products of such an enzyme may be the 
substances of structural importance implicated as secondary 
antagonists to sulphonamides, or connected with energy- 
yielding reactions as in the case of pantoyltaunne , but it is 
apparent that many systems are involved whose isolation or 
further characterization is necessary before the actions can 
be said to be understood with any completeness 

In other instances— which include penicillin— investigations 
still require an initial directive comparable to that given o 
the study of sulphanllamide by the implication of gamino- 
benzoic acid in its action This stage would proba y a ' 
been passed if the methods successful with sulphanllamide 
were directly applicable to penicillin That elemen m 

investigation of sulphonamides,^ pantoyhaunne, he 



value of establishing a connexion ~ - . 

specific cell-constituents Substance and P rocess - 
as elsewhere m living organisms, are interconnected a P : 
of the same entity, but, when neither is Known, ^ wlth 


substances that ™ can probably first charac™ = 
greater certainty and precision The developm 
above of knowledge of sulphonamide action illustrates n ^ 
studies concentrating at one time on substances^ ^ 
another on processes, alternate and suppo s(crc0 . 

Study of antibacterial action is so far fr ^^ S assoCia tcd 
typed subject that the manner m which substan s 
with new chemotherapeutic agents are characternea 
depend on peculiarities of the agent concerned and on 
genius of the individual investigator 
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THE NUTRITION OF BACTERIA 

The Work of the Medical Research Council’s 
Unit for Bacterial Chemistry 

Sir PAUL FILDES, OBE, MB, FRS 

Director, Unit for Bacterial Chemistry, Medical Research Council 


Accurate knowledge of the nutrition of bacteria is of very 
recent date At the time of the publication of the Medical 
Research Council’s System of bacteriology (1929-31), it was 
understood that some bacteria of medical interest would 
grow on simple mixtures of salts m which the sole nitrogen 
source was NH 3 , and lactate or glucose supplied the energy 
On the other hand, it was known that other bacteria required 
amino-N If these nutrients were inadequate, then 
peptone ” m its various forms was used and, in the last 
resort, serum, blood and other products of the “ medium 
kitchen” Those who were interested m the physiological 
aspects of nutrition — and they were few — had shown that 
an inadequate medium could, be made adequate by the 
addition of extracts of organic material, and had even fraction- 
ated these extracts until the activity was so highly concentrated 
as to be capable of showing a biological effect in quantities 
as small as did an “ accessory growth factor ” It was 
certainly supposed that the minute “ accessory ” addition 
was a single substance, and the influenza bacillus which was 
known to require two accessory factors was looked upon as 
more complex Much discussion had taken place as to 
whether these were bacterial “ vita mins ”, comparable with 
the vitamins of ani mals 

Much the same position was taken up in the Medical 
Research Council’s Vitamins a suney of present knowledge 
(1932) The idea that bactena required what may be called 
a balanced diet had not crystallized Much work had been 
done on testing the reaction of bacteria to single substances 
as sole sources of carbon or nitrogen, but whatever interest 
such work may have it had clearly no practical nutritional 
significance 


Ten years later the position had been greatly clarified as 
a result of work largely confined to America and Britain, 
in the latter by the Medical Research Council through its 
Unit for Bacterial Chemistry 

It became widely recognized that bactena require for 
normal growth, not only the same basic sources of energy 
as do animals, but the same sources of ammo-nitrogen and, 
within limits, the same vitamins The only outstanding 
difference between animals and bactena is due to the fact 
that the latter have more power of adaptation to changed 
environments, and can thus develop more easily a power to 
synthesize materials which are normally essential, and so 
dispense with these m the nutrients 

Preliminary Work on Bacterial Metabolism 

The Unit (Department) for Bactenal Chemistry was 
founded by the Medical Research Council m 1934 in the 
following circumstances The present wnter, in the part- 
time service of the Council and working at the London 
Hospital, had been interested for years in the more physio- 
logical as pecis of bacteriology, e g in the conditions of growth 
of the influenza bacillus (Fildes, 1920 , 1921 , 1922 , 1923 , 
1924), and then m the conditions allowing the germination 
of tetanus spores (Fildes, 1927 , 1929a, 1929b, Campbell & 
Fildes, 1931) Being without special chemical training, he 
became associated with B C J G Knight to study the 
germination of spores with more accuracy (Knight & Fildes 
1930) It then became dear that advance in this direction 
was unbkely without more knowledge of the basic nutrition 
of bactena At that time conditions were not unpro- 
pitious Biochemistry was making increasing contributions 
to bactenology Dr Malory Stephenson, of Cambndge 
had produced the first edition of her book. Bacterial meta- 
bolism (1930), in which knowledge of bactenal nutntion 
was cnticaliy analysed from the biochemical point of 
view In the first two volumes (1932, 1933) of Annual 
Renew of Biochemistry she published articles on the 
chemistry of bactena, in which nutritional advance was 
however so small as to be unworthy of mention In the 
same volumes Heidelberger wrote on immuno-chemistiy 
It was only in the third volume (1934) that the nutntion of 
bactena was referred to Here it is recorded that Mueller 
Klise, Porter &. Graybiel (1933) in the USA had discovered 
that cystine and tryptophan were essential for the growth of 
C diphtheriae , that Burrows (1933), also in the USA had 
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been growing Cl botulmum on mixtures of ammo-acids, and 
that Fildes & Knight (1933) in Britain had made several 
advances 

J H. Mueller had been working on critical chemical lines 
for some years and, m fact, during his bacteriological studies, 
was the first to isolate a hitherto unknown substance, the 
ammo-acid methionine, which later was shown to be an 
essential ammo-acid for some microbes and, of course, for 
animals 

When starting work, Knight and Fildes decided to avoid 
non-pathogemc bacteria which, bemg able to grow on 
ammonium lactate, were clearly unsuitable test-objects for 
the study of “ accessory factors ” They concerned them- 
selves with the more exactmg, usually pathogenic, types which, 
m any case, were the microbes m which the Medical Research 
Council was directly interested Cl ttiaw, the germination 
of which had been under investigation, was, however, too 
“ difficult ”, and work was transferred to Cl sporogenes, 
which had similar anaerobic characters 

In due course they described a “ Sporogenes vita min ” 
(Knight & Fildes, 1933), without which the organism would 
not grow The chemical nature of this vitamin has never 
been established, in spite of the collaboration of Pappen- 
heimer (1935), when he was on a visit to Britain and working 
at the Council’s National Institute for Medical Research 
In this respect the work of Knight and Fildes cannot be 
considered a major advance, but m the course of it they 
established to a large extent the ammo-acid requirements of 
the orgamsm At that time, the impurity of natural ammo- 
acids was a grave difficulty, and it was fortunate that 
W C Rose and his collaborators on animal nutrition laboured 
under the same disability m America, since this induced his 
colleague Marvel to evolve practical methods for the bulk 
synthesis of ammo-acids Gradually synthetic products are 
replacing the natural, but even to this day the series is not 
complete The great importance of synthetic products for 
this type of work is shown by the fact that the growth of 
Cl sporogenes, obtained m 1933 by Knight and Fildes, 
cannot be repeated at the present time It is clear that some 
other essential factor, present as a contamination m the 
natural products then used, has been eliminated from our 
present reagents 

At this time Dr G P Gladstone jomed the writer and 
Knight as a bacteriologist, and papers (Fildes, Gladstone & 
Knight, 1933 , Fildes & Knight, 1933) were published 
showmg the ammo-acid requirements of Bact typhosum and 
recording the fact that the requirements changed on adapta- 
tion to a changed environment The relation of tryptophan 
to nutrition was particularly stressed 

Thus an organism which normally required tryptophan 
could be trained to require it no longer, by gradually removing 
tryptophan from the nutrient mixture This derived orgamsm 
was found to have acquired the power to synthesize the 
missing tryptophan from simpler compounds It was also 
pomted out that “ the parasitic or pathogenic habit is apt to 
be related to inability to synthesize tryptophane ” 

Formation of the Medical Research Council’s Unit 

These papers indicated the possibility of a new approach 
to some aspects of medical bacteriology, and the Medical 
Research Council decided to form a special unit for con- 
tinued research under the direction of the present writer, 
including Dr Knight and Dr Gladstone, and strengthening 


the biochemical side by the appointment of Dr G M 
Richardson 


The Council was encouraged to take this step owing to the 
munificence of the Trustees of the late Viscount Leverhulme, 
who have maintained their support to the present day’ 
The Council was also fortunate to receive a generous offer 
of accommodation for the Unit at the Bland Sutton Institute 
of the Middlesex Hospital, directed by Professor James 
McIntosh, an early colleague of the writer. This Unit was 
designed to be a partnership of bacteriologists and biochemists, 
working in adjacent rooms and m constant daily discussion 
All papers published necessarily contained matter denied 
from or actually the work of anonymous colleagues 


Work was started at the Middlesex Hospital in 1934 The 
Unit was largely responsible for establishing for the first time 
the essential ammo-acid requirements of a number of bacteria 
and for showmg that nutnUonal requirements depended upon 
a failure of synthesis Out of this work the concept was 
gradually developed of an evolution of bacteria depending 
on a loss of synthetic function, a concept precisely similar 
to that advanced simultaneously but independently by Lwoff 
at the Pasteur Institute, Pans, in relation to protozoa 


Whether the more speculative hypotheses on the evolu 
tionary relations of animals and bacteria discussed by Fildes 
(1934) are rejected or not is of little importance, since they 
cannot be tested, but the data on which these were based- 
collected and correlated by Knight and published by the 
Medical Research Council (Knight, 1936)— created world 
wide interest and, m fact, have been an important influence 
m stimulating the chemical study of bacterial nutrition 
The Umt became particularly mvolved in the nutntion o 
Staph aureus Richardson (1936) found that uracil was a 
necessary nutrient in the anaerobic growth of this organism 
This was probably the first instance in which a bacteria 
vitamin, other than an ammo-acid, had been precise 
defined Knight (1935) had been working on another new 
“ factor ” necessary for growth, and was later (1937) a e 
show that his factor consisted of aneunn and mcotmami 
Schopfer (1935) had already shown that aneunn was 
essential nutrient for a mould, and Tatum, Wood & e 
(1936) that it was probably essential for lactic Da 
Nicotinamide was, however, a new introduction w 
bacteriology These results made it clear that the u 
expression “ vitamin ” m relation to bacteria, ra 
the more favoured “ hormone ”, was correct, sw* 
these substances was already accepted as an anim 
while the other was accepted very soon after ^ 

In the meantime Fildes & Richardson (193 ) j 0Jje 

sulphur requirements of staphylococcus, an f 

(1937) the nitrogen requirements and the conch as ^ 
which the haemolysin is produced (Gladstone, ' 
now possible for the first time to grow an exacti g p 
on a mixture of known composition b 

At this stage Dr G M Hills jomed the ^iism 

fished the necessity for aneunn in the pyruva e . „ 3S 
of Staph aureus (Hills, 1938) Dr Richardson , in ^ 
replaced by Dr H Mcllwam, who became associate & 
discovery of glutamine (Mclhvam, Fildes, . aS 

Knight, 1939) and of pantothenic acid (Mcllwam, ^ ^ 
factors in the growth of Strept haemolyticus m Wffi 

:he first to grow Strept haemolyticus on a define 

[Mcllwam, 1940a) . „ an ihracii 

In the meantime, a study of the nutrition of B 
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revealed curious interrelationships between the nutrient 
amino-acids (Gladstone, 1939) 

The Unit had repeatedly pointed out the close similarity 
between the amino acid and vitamin requirements of animals 
and bacteria, and suggested that at least the preliminary 
stages of animal nutritional research could be established 
with bacteria with a great saving of time — in hours rather 
than in weeks or months According to Williams (1943), 
this practice is now common Microbiological tests “ have 
the tremendous advantage that the number of tests can be 
very large without an inordinate expenditure of time ” 

Influence of Bacterial Nutrition on Antiseptic and 
Chemotherapeutic Substances 

Dr Knight had now left the Unit and had been replaced 
by Dr D D Woods, a member of the team directed by 
Dr Marjory Stephenson working on bacterial metabolism 
for the Council at the Biochemical Laboratory, Cambridge 
At that time Dr L E H (now Sir Lionel) Whitby, a member 
of the staff of the Bland Sutton Institute, was collaborating 
with Dr A J Ewins on the testing of sulphonamide drugs, 
and informal discussions with the Unit were frequent It 
seemed clear to the Unit that the action of an antibacterial 
drug might be by interference with the normal action of an 
“ essential metabolite ” The term “ growth factor ” had 
been abandoned in favour of this term, because the former 
was associated with nutrition, 1 e it was a substance which 
must be provided for a microbe which could not synthesize it 
On tile other hand, the same substance was an essential link 
m the metabolism of a microbe which could synthesize it, 
although it was not then required as a nutrient “growth 
factor ” 

The Unit had already shown that the group -SH was an 
essential metabolite, and since Hg is known to combine with 
-SH, it was not difficult to surmise that the antiseptic action 
of Hg might be due to this combination It was also well 
known that the essential metabolite -SH (H-SH) could 
counteract or antagonize the antiseptic action of Hg This 
hypothesis of the action of Hg was tested and found cortect 
by Fildes (1940a) 

In the case of sulphamlamide there was already evidence of 
the existence of “ antagonizes ” in extracts from bacteria 
(Stamp, 1939) These, in the view of the Unit, might well be 
essential metabolites on which sulphonamide reacted, but 
which in excess could antagonize sulphonamide 

This matter was taken up by Woods with the result thdt 
p amlnobenzolc acid was found to antagonize sulphonamide 
(Woods, 1940) According to Woods, p-ammobenzoic acid 
was an essential metabolite for bacteria, and the action of 
sulphonamide was due to interference with the normal 
metabolism of p ammobenzoic acid, which, in turn, was 
due to the close structural s imil arity between these two 
substances — 

y oQH 

It was a question of competition between sulphamlamide 
and p-aminobenzoic acid for the service of an enzyme con- 
cerned normally with the metabolism of the latter 

A Rational Basis for the Development of Chemotherapeutic 
Agents 

This was clearly a discovery of major importance, with 
many repercussions outlined by Fildes (1940b) Among 


other things, it indicated that competitive inhibitors might be 
designed to block the metabolism of any essential metabolite 
It was only necessary so to modify the structure of an essential 
metabolite that it could no longer function as such, but stilt 
occupy the service of the enzyme Thus, Mcllwain (1940b) 
produced pyndme-3-sulphomc acid on the model of nicotinic 
acid and sulphonamide, and Fildes (1941) showed that 
indoleacrylate prevented growth by inhibiting the further 
utilization of mdole, which substance he had found to be a 
stage m the synthesis of tryptophan (Fildes, 1940c) 
A rational procedure in the development of chemotherapeutic 
agents had thus been indicated, and at the same time a method 
for anal yzing the stages of biosvnthesis 

It was not given to the Umt to support the hypothesis by 
demonstrating the correctness of the prediction that p-aimno- 
benzoic acid was a hitherto-unknown essential metabolite 
and anima l vitamin, because it ceased work in the middle of 
1940 Rubbo & Gillespie (1940) in Australia proved the first 
prediction and Ansbacher (1941) the second Of the Umt, 
only Dr McBwarn, at the University of Sheffield, continued 
this work. 

Continuation of the Work m the United States dnnng 
the War 

During the war years the members of the Umt have 
watched the development of this subject m America with 
interest. The discovery of new bacterial vitamins has become 
almost a matter of routine, and the application of these 
discoveries to animal nutrition has become generaL Van Niel 
(1943) states “ It is almost a foregone conclusion that a 
newly discovered growth factor, needed in minute amounts 
by some micro-organisms, will soon be shown to be a vitamin 
for higher organisms ’’ 

It would seem that the general hypothesis of the Unit, 
relating antibiotic action to the structure of essential meta- 
bolites, has been supported by many new instances and 
generally accepted Thus, Daniels (1943) “From the 
standpoint of biochemistry, the most interesting development 
in this class of compounds is the elucidation of a mechanism 
that allows one to correlate the activities of these compounds 
with their physico-chemical properties Earlier postulates 
relating to the mechanism of action have been more or less 
superseded by the theory of Woods and Fildes ” 

Van Niel (1943) “ It must be recognized that the attempts 

to produce new bacteriostatic agents as analogues of known 
growth factors have resulted m products whose activity is, 
on the whole, so well in agreement with expectation that the 
fruitfulness of the original concept has been established.” 

Williams (1943) ‘ While it must be admitted that the 

new approach to chemotherapy has not, as yet, led to the 
discovery of new therapeutic agents of outstanding merit, 
it seems likely that a more thorough study of the fundamental 
facts concerned will bear fruit.” 

In view of these opinions, too much attention need not 
be paid to the few objectors There has been a tendency 
to generalize far beyond any claims made by Woods m his 
only contribution to this subject (1940) 

The Umt had j‘ust embarked upon the analysis of the 
stages in the biosynthesis of essential metabolites, using 
bacteria which were, spontaneously or by training, devoid 
of certain synthetic enzymes This subject has now made 
great progress in America through a new te chni que of 
employing the mould Neurospora, in which single synthetic 
enzymes have been destroyed by the action of x rays The 
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importance of this work rests on the fact that any sta&e in 
the synthesis of an essential metabolite is itself an essential 
metabolite and, farther, one against which a competitive 
inhibitor can be designed 

Present State of Knowledge of Bacterial Nutrition 


It is these bacteria that throw light on nutrition, because they 
can grow only when the missing component is supplied to 
them preformed as a nutrient Hus is the “ growth factor" 
singled out by a particular bacterium, from all the other 
“ essential metabolites ” in the synthetic chain, by the fact 
that it cannot synthesize it 


At the present time the general background of bacterial 
nutrition has been established, although there are lacunae 
to be filled One can say that nutrients are required in the 
last resort to allow bacteria to reproduce and, of course, to 
carry on functions of which the appointed end is reproduction 
These activities require free energy and the basic materials 
from which new protoplasm, of the type specific to the 
bacterium, can be built 

If the argument is confined to the more or less heterophihc 
bacteria which include those of medical interest, we can say 
that the science of nutrition defines the precise chemical 
ingredients which must be absorbed by a bacterium so that 
(a) it can liberate free energy from them by katabohc enzymes 
and (6) build up protein from them by synthetic enzymes 

In order that the bacterium may absorb these ingredients 
they must be of a molecular size small enough to allow 
diffusion into it 

The mechanisms by which energy is liberated have been 
studied for years under the heading of “ bacterial meta- 
bolism ”, and the Unit has had little concern with this aspect 
of the subject Its chief interest has been in the synthetic 
processes 

Here we have nitrogen-con taming substances of small 
molecular weight, even as small as ammonium salts, and 
inorganic substances containing the other essential elements 
These are absorbed by bacteria and in a few hours synthesized 
to protein This remarkable feat is, of course, not achieved 
m one step, but in a series of steps, eacn achieved by a 
separate synthetic enzyme 

Some bacteria have a full battery of these enzymes, so that 
they can pioceed from NH 3 to protein unassisted Other 
bacteria have not, and in this case cannot grow because the 
synthesis is blocked at the level of the enzyme deficiency 
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Plans for Resumption of the Unit’s Work 

The Medical Research Council is now concerned with 
reconstructing the Unit to continue this work and develop 
it along such lines as may be possible Necessarily, there 
must be a long period of delay before results can flow With 
the lapse of time, normal dispersal of personnel has taken 
place, Dr G P Gladstone being the only survivor of the 
ongmal Unit to assist m reconstruction Dr Woods is now 
organizing a new group at the University of Oxford, 
Dr Mcllwatn remams at the University of Sheffield, and 
Dr Hills is stationed at the Microbiological Research 
Department, Porton Their places have been taken by 
Dr H N Rydon, Dr M R Pollock and Dr D Herbert 
The former premises at the Middlesex Hospital, although 
little affected by the War, are now too small, and arrange 
ments have been made to house the Unit at the Lister 
Institute of Preventive Medicine, where work will gradually 
develop as the present austere conditions improve 

The object of the Council in reconstructing the Unit may 
be supposed to be the discovery of fundamental knowledge 
of the physiological reactions of bacteria Normally, work 
of this sort would be the concern of universities rather than 
of a Government Department charged with research for the 
alleviation of the sick, but in Britain bacteriology has always 
been so bound up with medicine that the universities have 
made little provision for it The Council has long recognize 
that the application of research to the needs of man re^ 
capital, and that this capital is the knowledge collec e y 
those who work without any obligation to achieve uti n 
ends They have thus taken over the duty of umversi , 
have at least by their example and assistance to umv ?V. 
started a movement which will provide material sui a e 
exploitation 
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Micro-organisms vary widely in their natural susceptibility 
to chemotherapeutic drugs, and this is particularly true of 
different species of bactena, as is well shown by the relative 
insensitivity of the gram-negative bacilli to many of these 
agents Natural variations m sensitivity are also common 
within the same species , thus, of 157 strains of Staphylo- 
coccus aureus isolated from clinical infections 9% were at 
least 8 times more resistant to penicillin than the average 
staphylococcal strain (Selbie, Simon & McIntosh, 1945) 
Such differences in natural susceptibility, not only to peni- 
cillin but also to the sulphonamides and other drugs, are 
encountered m many types of pathogenic micro-organisms 
and present a problem of considerable importance m chemo- 
therapy Naturally-occurring drug-resistant strains of micro- 
organisms, however, are usually unsuitable for investigation 
because their past history is usually unknown, and our 
knowledge of drug-resistance has therefore been denved 
mainly from the study of micro-organisms that have become 
resistant during the course of test-tube experiments or during 
the treatment of experimental or cluneal infections 

The experimental method used m developmg resistance to 
drugs and other toxic substances has in general consisted in 
exposing the micro-organism to increasing concentrations of 


TABLE I EXAMPLES OF MICROBIAL RESISTANCE 
TO DRUGS 


Drug 

Organism 

Reference 

Optoquine 

Pneumococcus 

Morgenroth & Kaufmann 
1912 Lewy, 1925 

Lysozyme 

M lysodeikticus 

Fleming & Allison 1927 

Acriflavine "I 
Methyl violet J 

Staphylococcus 

Burke Ulrich & Hendrie 
1928 

Proflavine 3 
Propamidine > 
Quindoline J 

Staphylococcus 

McIntosh & Selbie 1943 

Gramicidin 

Staphylococcus 

Philips & Barnes 1942 

Tyrothricin 

Staphylococcus 

Rammelkamp 1942 

Streptomycin 

Gonococcus 

Miller & Bohnhoff 1946 

Streptomycin 

Meningococcus 

Miller & Bohnhoff 1946 

Arsenic 

Sp recurrent/s 

Margulies 1910 Gonder 
1912b Fischl & Singer 
1934 

Arsenic 

Sp gallmarum 

Margulies 1910 Gonder 
1912b 

Gold 

Sp recurrent^ 

Fischl & Singer 1934 


the substance in serial subcultures, or by passage m animals 
which are treated in successive passages with increasing doses 
of a chemotherapeutic agent The first experiments of this 
kind were done by Ehrlich and his colleagues in their studies 
on the development of resistance to dyes and arsenical drugs 
m trypanosomes, and m recent years this method has been 
extensively used in the study of bacterial resistance to the 
sulphonamides and penicillin This method, however, has 
also been used with many other toxic substances, and 
Table I shows some of the many drug-resistant micro- 
organisms that have been developed in this way Yeast has 
also been made resistant to pyntluamine (Woolley & White, 
1943), and tissue-cultures of metazoan cells have acquired 
increased tolerance to copper sulphate and sodium arsemte 
(Wilson, 1922) and to sulphonamides (Jacoby, Medawar & 
Wilimer, 1941) 

It would thus appear that the ability to acquire tolerance 
to toxic substances is a common biological property of living 
cells and that the mechanism underlying the development of 
resistance is probably unspecific, particularly in view of the 
multiplicity of agents to which resistance can be acquired 

Drug-resistance m Trypanosomes 

The development of drug-resistance was first observed m 
mice infected with Trypanosoma brucet by Browning, Franke 
and Roehl (Ehrlich, 1907 , Browning, 1907), who found 
that the trypanosomes which appeared in the blood in 
relapses after treatment with parafuchsin required more and 
more of the dye to ensure disappearance after successive 
relapses, until safe doses of the dye were no longer effective 
It was soon found that i* trypanosomes resistance could be 
developed to other toxic substances, and that resistance could 
be increased by transferring the resistant relapse strains to 
other mice which were then treated with increased doses of 
the appropriate drug Trypanosomes made resistant to 
drugs m this way were later shown by in vitro tests to survive 
higher concentrations of the appropriate drugs than the 
parent sensitive strains (Mesml & Bnmont, 1908 , Ehrlich, 
1909a , Neven, 1909) and could thus be differentiated from 
trypanosomes that were resistant to treatment by having 
become tolerant to specific antibodies, a type of acquired 
resistance that was demonstrated m trypanosomes by 
Ehrlich (1909b) and Levaditi & McIntosh (1910) 

Drug-resistance in trypanosomes can also be demon- 
strated by their reduced affinity to dyes and other com- 
pounds Trypanosomes resistant to a particular dye re main 
colourless when placed m solutions of the dye and allied 
compounds, whereas the normal parent strain of trypano- 
somes becomes deeply stained. Similarly arsenic-resistant 
trypanosomes have been shown by Levaditi (1909) in 
collaboration with McIntosh and by Yorke, Murgatroyd & 
Hawking (1931) to fix less arsenic than normal trypanosomes 
Resistance to aromatic arsenical drugs in trypanosomes is 
also accompanied by resistance and diminished affinity to 
acridine, oxazme and other dyes (Ehrlich, 1909b , Gonder, 
1912a), so that it would appear that resistance is directed 
not against arsenic but against the side-chains in the 
phenyl radicaL Drug-resistance in trypanosomes would 
therefore seem to be due to a failure in the primary fixation 
of the drug, and not to interference with the final toxic 
action of the drug on some essential substrate 

Another change that has been noted id trypanosomes 
during the development of resistance to acridine and oxazme 
dyes is a disappearance of the parabasal body or blepharo- 


267 



MICROBIAL RESISTANCE TO CHEMOTHERAPEUTIC DRUGS / li \tlbu 


plast (Werbitzki, 1910, Kudicke, 191 i, haveran & 
Roudsky, 1911) There has been considerable discussion on 
the m eanin g of tills structural change, but it would certainly 
appear to signify that there has been a variation or mutation 
during the development of resistance Evidence that 
resistance can arise from natural variation is also afforded 
by the sudden appearance of arsenic-resistance in trypano- 
somes during passage in normal animals (Morgenroth, 1924 , 
Browning, 1931) A recent and well-documented report by 
Eagle & Magnuson (1944) on a strain of trypanosomes that 
spontaneously acquired arsenic-resistance is of particular 
interest, because this strain displayed the same characters of 
reduced affinity to drugs and chemical specificity as are 
shown, by experimental arsenic-resistant strains It would 
therefore appear probable that the mechanism underlying 
the development of drug-resistance in trypanosomes is that 
of a progressive selection of spontaneous variants, the drug 
allowing the survival of only the more resistant variants 
Further discussion on this problem and on the question of 
the specificity of drug-resistance is to be found m the com- 
munications of Browning (1931), King & Strangeways (1942) 
and Eagle & Magnuson (1944) 


Resistance to Sulphonamldes 

The development of resistance to sulphonamldes was first 
reported by Maclean, Rogers & Fleming (1939), who found an 
increase of resistance m pneumococci from patients under- 
eoing treatment with sulphapyridine Since then there have 
been numerous reports of increased resistance to sulphona- 
mldes during the treatment of clinical infections and, but for 
the advent of penicillin, sulphonamide-resistance in gonorr- 
hoea would have become a problem of grave epidemiological 
unportance Among the first studies on the development of 
resistance to sulphonamldes by experimental methods were 
those of MacLeod & Daddi (1939) on pneumococci. 
Chandler & Janeway (1939) on streptococci and Green 
(1940) on Br abortus Sulphonamide-resistance has since 
then been developed experimentally in many other types of 
bacteria, including staphylococci, Neissenae, Corynebactena , 
HaemoDhili organisms of the coh-typhoid group, and even 
! ® e o f the larger viruses, that of lymphogranuloma 
venereum (Jones, Rake & Steams, 1945) Sulphonamide- 
resistance is m general agreed to be irreversible, whether it is 

na M£l2od(19S) d has reported that the in vitro development 
of resistance in pneumococci is associated with a loss of the 
power to dehydrogenate glycerol, lactate and pyruvate and 
whh the production of less hydrogen peroxide. Kohn & 
Warns (194 9 ) have observed that sulphonamide-resistant 
bacteria are more exacting in their nutritional requirements, 
cevan & Green (1944) have associated sulphonamide- 
ri^stance with an alteration in glucose metabolism On the 
iher h?nd Wyss, Strandskov & Schmelkes (1942) have 
\r L that the in vitro development of sulphamlamide- 
S SLce m Bact coli did not reduce the susceptibility of 
ration in the resting cells to inhibition by sulphamlamide 
Of ereater interest, however, is the finding that in some 
, the development of resistance is accompanied by 

b Erased production of substances that inhibit the anti- 
action of the sulphonamldes This was first 
b f"f d by the American worker, MacLeod (1940), m 
obS£ 4Lrncci that had acquired resistance to sulphapyridine 
pnel 7 ^j and it was confirmed by Tillett, Cambier & Hams 
(1943) with MacLeod’s cultures, but not with two sulphona- 


mide-resistant strains of pneumococci from clinical cases 
A similar finding was made in sulphamlamide resistant 
Br. abortus by Green (1940), and Green & Bielschow'k) 
(1942) were able to identify part of the sulphamlamide 
inhibitor produced by resistant Br, abortus with p-amino 
benzoic acid, following Woods’ (1940) demonstration of the 
anti-sulphonamide properties of this substance and his 
suggestion that sulphonamide-resistance in bacteria might 
be due to increased production of p-ammobenzoic acid 
Further evidence of this mechanism of resistance in 
staphylococci has been provided by Landy, Larkuro, Oswald 
& Streightoff (1943) who, using a microbiological test for 
jj-ammobenzoic acid with Acetobacter suboxydans (which 
requires this substance for normal growtn), have found that 
staphylococci which have developed resistance to sulpha 
thiazole produce more /j-aminobenzoic acid than the parent 
sensitive cultures This property of sulphonanude-resistant 
staphylococci has been confirmed by Spink, Wright, Vimo & 
SkertRS (1944), and by Housewright & Koser (1944), who 
tod ffiat ' ^ production of p-aminobenzoic acid mcrea* 
part passu with the development of sulphonaimde.r« 
Similar findings have been made in cultures g 
rendered resistant to sulphonamide by St0 ^ s ^ ^ 
(1942) who, however, are of the opinion that th 
production of />-aminobenzoic acid does n °* ® 
sulphonamide-fesistance because the addition W 

mide, which inhibits ^ammobenzoic ;acid, fads tc > 
the resistance of the gonococcal cultures P ^ 
Landy & Gerstung (1944) have also ^ 17) 

of / 7 -ammobenzoic acid by gonococci lsola ^ 

patients subsequently treated with sulph ^, esize d by 

found that m general greater 

strains from patients that are resistaa , howe\er> a 

Increased production of^an^obenzoi SSfiUn* 
far from constant finding in sul P ho ^^^^ ^ of 
Among the findings negative m tins r P camber 
McIntosh & Selbie (1943) with streptogo 0w2 ld 

& Hams (1943) with pneumococci. Lanay. w ^ ^ 
& Streightoff (1943) with Bact coli, Wb"°£ ol & ^ (1944) 
teriae and pneumococci, and Housewngh woU jd thus 
with Sh paradysenteriae and Pneumococci ^ 

appear that it is only in some bacteria that 0 

resistance can be ascribed to an interference of 

p-ammobenzoic acid, which counter ^ sU bitance 

sulphonamldes with the metabo lb j e that anott’- 1 

(Woods, 1940) In other bacteria, it us po s ^ ^ot aj 

type of sulphonamide-mhibitor is P roda ^ s0 altered 

pr5e.lt be detected, or that then . 
that the use of / 7 -aminobenzoic acid ca m\oM 

A good example of different mecha by McllwaP 

m the development of resistance has substar* 

(1943) He tods that resistance to the ^ ablll r ; d 
pantoyltaurine m C diphtheriae depen a && 

this orgamsm to synthesize pantothenate, ^ v , 3 y a 
inhibitor of pantoyltaurme in mucn m lphanl Iaffl^ 
p-ammobenzoic acid is an mhibito differ f rC ' 

whereas pantoyltaunne-resistant strepto bobc ^ 

their parent-sensitive strains in possessing oaDto ttte> 

cesses which are alternative to those involving 
and are susceptible to inhibition by sa b cy also Pf' 

of sulphonamide-resistance m some bac ne3b-; 

to be of a less specific nature, such as le rr _ cc hate-' 3 
and thus be in a sense comparable to me 
drug-resistance m trypanosomes, where 
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against the access of the drug rather than against its specific 
toxic action on the sensitive substrate 
There have been conflicting reports on the effect of the 
development of sulphonamide-resistance on the virulence of 
bacteria to experimental animals MacLeod & Daddi (1939) 
have found no change in virulence in pneumococa or 
streptococci rendered resistant to a sulphonamide by the 
m vitro method Horsfall (1942), however, has observed a 
considerable reduction in virulence In pneumococci after 
the in vitro development of resistance to sulphathiazole 
This has also been the experience of Schmidt, Sesler & 
Dettwiler (1942) m sulphonamide-resistance experiments with 
pne umo cocci, using the in vitro method, but the same strains 
of pneumococci have shown no appreciable loss of virulence 
after the induction of resistance by passage through treated 
mice Spink, Hall & Ferns (1945) also find that staphylococci 
retain their virulence after having acquired resistance to 
sulphonamides by both the in vitro and in vivo methods 
The available evidence thus indicates that the in vitro method 
of developing resistance may lead to a loss of virulence, 
whereas the in vivo method has apparently little or no effect. 

Pemcilhn-resistance 

Acquired resistance to penicillin was first observed by 
Abraham, Cham, Fletcher, Florey, Gardner, Heatfey & 
Jennings (1941), who induced penicillin-resistance in staphylo- 
coca by the in vitro method. Other workers have induced 
pemcilhn-resistance by in vitro and in vivo methods m 
staphylococa, and also in pneumococa, streptococa, 
meningococci and gonococci Increased bacterial resistance 
to penicillin has also been observed during the treatment of 
clinical cases with penicillin, especially in staphylococcal 
infections, but the increases in resistance that have so far 
been encountered do not appear to have interfered with the 
efficacy of treatment, provided that the dosage of penicillin 
is adequate (Selbie, Simon & McIntosh, 1945) Pemcilhn- 
resistance that has been developed by cultural methods has 
proved reversible in the hands of Todd, Turner & Drew 
(1945) with staphylococa and streptococa, but not pneumo- 
coca, and this finding has been confirmed in the case of 
staphylococa by Spink, Hall & Ferns (1945) Loss of 
resistance to penicillin, however, has not so far been observed 
in bactena that are naturally resistant or have acquired 
resistance in patients or animals undergoing treatment with 
penicillin. 

Some of the modifications that have been found in associa- 
tion with the development of resistance to penicillin are an 
increase m size of staphylococci (Smith & Hay, 1942) and a 
reduction in growth-rate and enzymic activity m staphylo- 
coca (Abraham et a! , 1941) and in pneumococa (McKee & 
Houck, 1943) Of greater importance, however, is the 
evidence that resistance may be related to the production of 
penicillinase, the penicillin-destroying enzyme first isolated 
from gram negative bacilli by Abraham & Cha n (1940) 
Rake, McKee, Hamre & Houck (1944) were uiable to detect 
the producUon of pemallinase by staphylococa that had 
been made resistant to penicillin, and this has also been the 
experience of Spink, Hall & Ferns (1945) and Bondi & Dietz 
(1946) In staphylococci isolated from clinical infections, 
however, Kirby (1944), Bondi & Dietz (1945) and Gots (1945) 
have shown that penicillin-resistant strains almost invanably 
produce considerable amounts of pemallinase That 
resistance m many of these strains of staphylococa is due to 
the production of pemallinase has been demonstrated by 


Luna (1946), who finds that, when tested in vitro with small 
inocula, they are fully sensitive to penicillin, their growth 
being inhibited before sufficient penicillinase is produced to 
destroy the penicillin There are organisms, however, which 
are normally highly resistant to penicillin and are apparently 
unable to produce penicillinase, such as Bad typhosum 
and certain organisms of the salmonella group (Bondi & 
Dietz, 1944) It would thus appear that, although the 
production of pemallinase may account for the natural 
resistance to pemallin of some organisms, it does not 
necessarily follow that the inability to produce pemallinase 
implies sensitivity, or that the development of resistance by 
experimental methods is associated with the increased 
production of penicillinase 

The effect of the development of resistance to penic illin 
on the virulence of bacteria seems to depend largely on the 
method used for inducing resistance, as has already been 
mentioned regarding sulphonamide-resistance McKee & 
Houck (1943) have found that streptococa and pneumococa 
are greatly reduced in virulence to mice after being made 
resistant to penicillin by the cultural method and that 
virulence cannot be restored by passage through mice In 
s imilar experiments with 7 strains of meningococci. Miller & 
Bohnhoff (1945) have also observed considerable and 
irreversible falls in virulence to mice during the in vitro 
development of resistance On the other hand, there has 
been no decrease m virulence to mice in pneumococci or 
staphylococa that have been made resistant to penicillin by 
passage through treated mice (Schmidt & Sesler, 1943 , 
Rake, McKee, Hamre & Houck, 1944) 

This difference m the effect on virulence between the 
in vitro and in vivo methods of inducing resistance to penicillin 
and the sulphonamides is to be expected when consideration 
is taken of the environmental conditions The virulence of 
bactena tends to fall with repeated sub-culture, particularly 
when the medium is unfavourable as is the case here, where 
sub-effective concentrations of a bactenostatic agent are used 
for the induction of resistance On the other hand, the 
passage of bactena through animals tends to maintain or 
increase virulence so that, in the in vivo method, resistance 
is developed only in organisms that are adapted to survival 
in the host tissues The influence of this factor is well shown 
in the experiments of Rake, McKee, Hamre & Houck (1944), 
where a strain of staphylococa, rendered resistant to treat- 
ment by passage through pemcilim-treated mice, was, 
however, fully sensitive to the action of penicillin in vitro, 
and must therefore have been resistant to treatment by having 
adapted itself to the antibacterial action of the tissues of the 
mouse In this respect the situation regarding the in vivo 
development of resistance m bactena to treatment with 
chemotherapeutic agents is similar to that afforded by the 
development of serum-resistance m trypanosomes which, 
as has already been mentioned, has long been recognized as 
a complicating factor m the assessment of drug-resistance 
(Browning, 1931) 

Cross-resistance 

It has been stated that, when an organism is resistant to 
one sulphonamide, it is correspondingly resistant to all other 
sulphonamides It is now recognized that, although there 
may be some cross-resistance within the sulphonamide group, 
it is not quantitatively complete (Kirby & Rantz, 1943), and 
Colebrook (1943) has shown that, of 7 strains of streptococa 
resistant to sulphonamide, only one was resistant to three 
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other sulphonamides and six were fully sensitive to sulpha- 
thiazole This lack of complete cross-resistance within the 
sulphonamides is to be expected if one assumes, as has been 
suggested here, that the mechanism of sulphonamide- 
resistance may vary from one organism to another 
It has been agreed by many workers that an organism that 
has acquired resistance to one drug, such as penicillin or one 
of the sulphonamides, still retains its sensitivity to other 
unrelated drugs McIntosh & Selbie (1943), however, 
showed that staphylococci made resistant to proflavine 
(2 8-diaminoacridine), or to the unrelated drug propami- 
dine, were resistant to both compounds, while proflavine- 
resistant cultures had acquired no increased resistance to the 
closely related compounds 2 7-diaminoacridine and 
5-aminoacndine The two latter compounds also differed 
from proflavine, in that resistance to them could not be 
developed in staphylococci Albert, Rubbo, Goldacre, 
Davey & Stone (1945) have suggested that these differences 
may be only a measure of the facility of the resistant organisms 
to destroy a drug by oxidation or deamination, and that it 
would therefore be impossible to develop resistance to such 
a highly stable substance as 5-ammoacrichne In any case, 
it is apparent from the close relationship between resistance 
to proflavine and propamidine that resistance is directed 
against the side-chains in much the same way as has already 
been mentioned regarding the resistance to dyes of arsenic- 
resistant trypanosomes McIntosh & Selbie also found that 
two cultures of staphylococci that were made resistant to 
qumdohne methochlonde differed, m that one was also 
highly resistant to propamidine whereas the second showed 
no such cross-resistance This finding again shows that 
organisms may develop resistance to the same drug in 
different ways 

Mechanism of Development of Resistance 

The process involved in die development of drug-resistance 
does not appear to be one of selection from resistant organisms 
already present in the parent culture, because the organisms m 
the final resistant culture are more resistant to the drug 
than any single member of the original culture (McIntosh & 
Selbie, 1943) This process must therefore involve an 
adaptation of the orgamsm to the presence of the drug so that 
it becomes less sensitive The adaptation of the organism, 
however, does not appear to be a specific response to the 
drug, because organisms made resistant to the same drug 
can differ m their mechanism of resistance and m other 
properties Such differences are to be found m the produc- 
tion ofp-ammobenzoic acid or penicillinase in sulphonamide- 
or penicillin-resistant bacteria, and m the effects of the 
development of resistance on virulence 

The mechanism underlying the development of resistance 
would therefore appear to be of an unspecific nature, and is 
probably an aspect of the capacity for spontaneous variation 
or mutation which is a property common to all micro- 
organisms Evidence in support of this view has been 
adduced by Demerec (1945), who finds that the development 
of resistance to penicillin in staphylococci is proportional to 
the mutation-rate Further supporting evidence is given by 
Carpenter, Bahn, Ackerman & Stokinger (1945) m their 
m vitro experiments on the induction of resistance in 7 strains 
of gonococci with single drugs and mixtures of drugs When 
single drugs were used, the average increases of resistance 
that were obtained with sulphathiazole, nvanol lactate. 


promm and penicillin were 700-, 80-, 9- and 182 fold mox 
tively, but when resistance was induced in a mixture of the 
first three drugs, there was only an 8-fold increase in resistance 
to each of the three drugs, and when all four were used there 
was no increase of resistance to any of the four drugs On the 
other hand, resistance to more than one drug can be elicited 
in an organism with ease, provided that the drugs are 
presented successively (McIntosh & Selbie, 1943) 

These results .are consistent with the view that the develop- 
ment of resistance depends ultimately on spontaneoui 
variation, because the chance of the appearance of a successful 
variant would be progressively lessened as the number of 
factors required simultaneously for success was increased, 
the requisite factors here being resistance to different drugs 
The role of the drug in the development of resistance would 
then be to eliminate the more sensitive organisms, and allow 
the survival of only the more resistant variants, and would 
thus be in a sense similar to i. he part played by lactose in 
providing a preferential medium for the encouragement of the 
growth of the spontaneous lactose-fermenting variants of 
Bact coli-mutabile (Lewis, 1934) The process of the develop- 
ment of drug-resistance could thus be described as a pro 
gressive selection of spontaneous variants which have 
increased resistance to the drug 


Resistance m Clinical Infections 

It is remarkable that, in spite of the widespread use of 
the sulphonamides and penicillin, there are relatively few 
instances in which organisms have been proved to have 
developed drug-resistance during the treatment of clinical 
infections Furthermore, the development of resistance has 
been observed mainly in pneumococcal and staphylococca 
infections, and rarely, if ever, in streptococcal infections 
It would thus appear that some organisms are more pron 
than others to develop resistance in clinical infections, u 
it may be that tne determining factor is the nature o 
lesion Thus, the relative avascularity of staphylococci 
lesions would prevent the access of a bacteriostatic conce 
tration of the drug to the infecting organism, and wou 
provide the conditions necessary for the developme _ 
resistance (Hudson, Meanock, McIntosh & Selbie, 

In the case of streptomycin, however, the developm ^ 
bacterial resistance occurs readily during tbs i trea m 
clinical infections (Buggs, Bronstein, Hnshfeld ’ 

1946), but this chemotherapeutic agent is exceptions , ^ 

cultures of bacteria can acquire resistance to its ac 
extreme rapidity (Miller & Bohnhoff, 1946) 

Increased resistance to treatment in clinical ini 
be due to factors other than the development ot r ^ 
the infecting organism 1 The original susceptibe 
may be eliminated and replaced by a / I “ s .. s ’f c ^ rur( j ur iiiS 
This has been found by Siegel & Karr (1945) to 0 f 

the prophylactic use of sulphadiazme in an P 
pneumococcal infections m children, and in tne osc j, 
of throat streptococci in naval training schools y 

(1946) r „ ono coccal 

The remarkable increase in the resistance ^ 

infections to sulphonamide treatment may a ® s0 that 
the gradual elimination of the more sensitive s r ’ p or t 
only the more resistant strains are propagate antlC ,pated 
of this view is the American observation tha . cs y £ 
war-time rise m gonorrhoea has not occurre (• ^ 

Van Slyke, 1945), so that it must be presumed 
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sources of infection have been greatly reduced by sulphona- 
mide therapy It has also been observed by Harkness (1944) 
and Mahoney & Van Slyke (1945) that gonococcal infections 
may be highly resistant to sulphonamide treatment, although 
the infecting organism is fully sensitive to the drug in vitro, 
and it has been found that the serum of some of these cases 
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The essential nature of the smaller viruses is much disputed 
the larger ones are generally agreed to be closely related to 
bacteria. They behave as obligate intracellular parasites of 
animals, higher plants or bacteria, and have not yet been 
cultivated outside the living cells of their host They seem 
to have virtually no active metabolism when outside their 
host cell what happens mside is hard to determine Though 
smaller than most bacteria, viruses cannot be defined solely 
on a basis of size or filterabihty, for the largest are larger 
than the smallest bacteria Between the mam body of the 
viruses and the bacteria he two fairly distinct groups, the 
nckettsiae and the viruses of the psittacosis group (Andrewes, 
1944) The nckettsiae are conventionally excluded from the 
true viru-es , they are arthropod-transmitted, often rod- 
shaped, and show, many of them, antigenic cross-reactions 
with proteus bacilli , but, like the viruses, they are intra- 
cellular parasites and have not been grown on lifeless media 
Biologically not far removed from them is the psittacosis- 
group, whose members are commonly mcluded in the 
viruses , they are the largest of the viruses, up to 300 m/t in 
diameter, are to some extent antigemcally related to each 
other, seem to have a definite life-cycle within the cytoplasm 
of animal cells and are, many of them, unlike other viruses, 
susceptible to the therapeutic action of sulphonamides 

Constitution of Viruses 

w For a reasoned approach to the chemotherapy of virus 
diseases a knowledge of the constitution of viruses is essential 
There is general agreement on the relative diameters of 
viruses , these he between 10 and 300 m i* It is also known 
that the shape of many viruses is very approximately spherical 
or ellipsoidal There are great difficulties in obtaining such 
small particles m a state of purity, with the result that, 
although their chemical composition approximates to that 
of cells and bacteria, there is a dearth of exact knowledge 
on this matter More is known of the chemical make-up 
of the viruses of vaccinia (Hoagland, Ward, Smadel & 
Rivers, 1942), influenza (Taylor, 1944), poliomyelitis (Gard, 
1943 , Lormg & Schwerdt, 1942) and equine encephalo- 
myelitis (Taylor, Sharp, Beard & Beard, 1943) than of 
the others, but each of these arumal viruses may be described 
as a lipoid nucleoprotem complex On the other hand, 
according to Janssen (1941) the virus of foot-and-mouth 
disease is entirely protein The plant viruses are, so 
far as is known, exclusively nucleoproteins Though most 
of the known animal viruses contain lipoids as integral 
portions of their structure, that of rabbit papilloma is 
believed to consist wholly of nucleoprotem (Beard, Bryan & 
Wyckoff, 1939 , Taylor, Beard, Sharp & Beard, 1942) The 
nucleic acids of the plant viruses are of ribonucleic acid 


type, whereas those of animal viruses are either of ribo- 
nucleic acid or of desoxyribonucleic acid type The presence 
of nucleic acid implies the presence of bound carbohydrate 
but in influenza virus the carbohydrate content is greater 
than, can be accounted for in combination in desoxyribo- 
nucleic acid (Taylor, 1944). It has also been found that the 
lipoids connected with viruses may include fats, phospho- 
lipids and cholesterol 

Vaccinia virus has phosphatase, catalase and lipase closely 
associated with it, but no dehydrogenases (Macfarlane & 
Salaman, 1938 , Hoagland et al. t 1942), and is itself attacked 
by papain but not by trypsin, chymotrypsin, nbonuclease or 
carboxypeptidase (Hoagland, Lavm, Smadel & Rivers, 1940) 
On the other hand, a staphylococcal phage is attacked by 
chymotrypsin, but not by trypsin or pepsin (Northrop, 
1938, 1939) Vaccinia has also been found to contain copper, 
and the fluorescence of vaccinia in ultra-violet rays led to the 
discovery of a flavine-adenine-nucleotide as a component 
in amount comparable with that in animal cells and some 
bacteria (Hoagland, Ward, Smadel & Rivers, 1941) As 
there is no evidence for the growth or metabolism of any 
virus in artificial media, the function of the constituents of 
viruses is not capable of direct investigation 

Chemotherapeutic Approach to Virus Diseases 

If viruses consist largely of a hpoid-nucleoprotein complex 
they should be vulnerable to attack It is known that their 
activity is destroyed in vitro by many bacterial disinfectants 
and detergents, the latter probably bringing about the 
disintegration of the hponucleoproteins by setting free the 
lipoids, nucleic acids and proteins The protein part is also 
amenable to attack by denaturants such as urea, guanidine, 
propylene glycol and potassium salicylate Such methods 
of approach to a chemotherapy of virus diseases are however 
excluded by reason of the intracellular habitat of viruses 
The whole difficulty of attacking agents such as viruses and 
nckettsiae with drugs lies m the facts that their sphere of 
activity is within the cell or even within the nucleus, and that 
their metabolism is very closely linked with that of the cell 
Similar difficulties probably explain why serotherapy is so 
ineffective m virus diseases 

Vje do not know, however, whether a virus may not at 
times multiply within a limited number of cells, destroy them 
and, being liberated in the process, go on to invade more 
cells and destroy them in turn If this happens, there is a 
least a possibility of sometimes catching the virus in the open 
and destroying it with a viricidal drug It is possibly in some 
such way that measles antiserum, given during the incubation 
period of the disease, may suppress or modify its attac . 

A stimulation of the normal defence-mechanisms of the bo y 
against viruses, if it were possible, might be of value til an 
extracellular stage in the infection It might also be possi e 
to deny access of the virus to the cell by chemical modification 
of the cell s surface 

The mam problem in the chemotherapy of virus dis 
Is, however, an attack on the viruses in their cellular environ 
ment This could be a direct attack on the virus itself, or an 
attack on the sequence of processes involved in its mu <P 
cation It is in the latter aspect that the greatest scope to 
interference lies The problem is, however, one o 
greatest difficulty, for the virus, having gamed an entry m 
the cell, where dynamic conditions prevail, apparent!/ 
mobilizes the anabolic processes of the cell for its o.vn repr 
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duction, and anv selective disruption of Uus rcproducU\c 
m echanism without at the same time harming the host-cell 
presents a formidable task 

What, therefore, arc the possibilities of interfering with the 
reproduction of the \irus in its intracellular habitat (Mudd, 
1945) ? The use of enzymes for bringing about tho disin- 
tegration of the virus by a lytic action at any link in its 
structure is excluded in such an environment Similarly 
the use of the usual laboratory 1> tic agents is out of the 
question In fact, the only approach seems to be an attack 
on the “ nascent virus ” There arc possibilities here On 
the Woods Fildes hypothesis it should be possible to inhibit 
specifically the essential metabolites necessary for reproducing 
the virus structure by presenting to the cell chemical sub- 
stances foreign to the cell but bearing a resemblance to the 
essential metabolites In this connexion McKinstry A. 
Reading (1944) have examined the effect of a large number 
of synthetic pyrimidines on the course of experimental 
poliomyelitis virus in mice, in the hope that compounds of 
this type might compete with the normal pyrimidine com- 
ponents of the virus for the synthctically-activ c enzyme 
systems No unequivocal success could be recorded. The 
successful use of denvatives of sulphamlamide for combating 
infections with some members of the psittacosis group of 
viruses is, however, an excellent example of this principle 
of interference Presumably p aminobenzoic acid is necessary 
for the reproduction of this group of viruses, and is com- 
petitively inhibited by sulphamlamide or its derivatives 
Another possibility of interference is to present to the cell 
substances foreign to it, in the hope that they may be built 
up irreversibly into the structure of the virus with the produc- 
tion of something abnormal, in fact, a non-selfreproducing 
unit That foreign substances can so be built up is instanced 
by the fact that wheat and com grown on seleniferous sods 
produce proteins containing selenium bound in a form 
resembling the amino-acid cystine (Painter & Franke, 1935) 
Andrewes, King & Walker (1946a) have suggested that one 
interpretaUon of their finding that p-sulphonamidobenzami- 
dine and p-sulphonamidobenzamidoxime have a therapeutic 
effect on an experimental infection of typhus in mice, would 
be to suppose that these amidines and amidoximes enter the 
cell and are budt up, whilst nucleic acid synthesis is active, 
into some essential vital structure of the nckettsiae , this 
might well be through the amidine or amidoxime group, a 
group whose elements occur once in every pyrimidine and 
twice in every purine 

Another avenue of approach not covered by the fore- 
soing, would be the discovery of chemical agents which 
would combine with the substance^ essential for virus repro- 
uction, or with the enzymes which control the synthetic 
processes In the latter connexion, many enzymes concerned 
m growth contain sulphydryl groups, and it might be possible 
° ock their activity selectively , claims to have achieved 
m experimental poliomyelitis in mice with neoarsphena- 
(1 Qdsf n< T^ er arsemca ' s are made by McKinstry & Reading 
ep. ' Tbe recent results of Fitzgerald and his colleagues 
vnctgerald & Babbitt, 1946 , Fitzgerald & Lee, 1946) are 
“ nV, II ^ tructlve Several acridines, and particularly 
ducti 3SP ”» were capable of inhibiting the repro- 

bartpr, 1 ° a ^ bacteriophage at concentrations below the 
countf 05 ^*? , en( * P° mt - The anti-viral action was 
made fh' i t ° y nb °nucleic acid, and the suggestion is 
multini i. acn dines inhibit the process mvolved in virus 
P cation by competing for some substance related to 


nucleic acid Thu strongly-ac die phosphoric acid groups 
arc salient features of nucleic acids and certain co-enzymes, 
and it is probable that they are the primary points of attach- 
ment of acridines and merit further experimental study 
\ls-a-\ls other types of bases with substantive character 
Another approach to the whole problem may come 
through an “ interference phenomenon ", which is, at any 
rate superficially, of quite a different nature Many examples 
are now known m which infection of a host with one virus 
may suppress the activity of a second virus added together 
with, or even before, the “ interfering ” virus (Andrewes, 
1944) Delbrdck & Luna (1942) fourd that a bacterial virus 
(bactcnophage) inactivated by ultra-violet radiation could 
thus block the activity of living virus Similar results were 
obtained by Henlc & Henle (1943, 1944) and Ziegler &. 
Horsfall (1944) for influenza, and by Andrewes & Elford 
(1946) for ectromeha virus If the interfenng principle, 
which seems to reside in the killed virus particles, could be 
isolated, chemically identified and perhaps imitated, new 
chemotherapeutic possibilities would be opened up It might, 
however, be that an interfering agent was thus obtained, not 
so very different m its actions from those visualized in an 
earlier paragraph 


Results of Chemotherapeutic Trials 


a Rickettsiae Though passing mention has been made 
of several of them, more detailed attention must now be given 
to such few successes as chemotherapy has already had in the 
field of nckettsiae and viruses Activity against experimental 
typhus in mice has been found in the last few years in com- 
pounds of several unrelated groups of chemical substances 
While the sulphonamides in the usual clinical sense seemed 
to do more harm than good, p-sulphonamidobenzamidine 
and the corresponding amidoxime were found to be active 
(Andrewes, King, van den Ende & Walker, 1944) , closely- 
related compounds had lesser degrees of activity, but very 
little modification of the molecule was needed to abolish 


activity altogether 

The drugs had no in vitro action on the nckettsiae , possible 
mechanisms for their in vivo action are discussed by Andrewes, 
King & Walker (1946a) Their acUon was not inhibited by 
n-aminobenzoic acid This latter substance has itself been 
Maim ed to have chemotherapeutic value against typhus both 
in man and in mice (Yeomans, Snyder, Murray, Zarafonehs & 
Ecke 1944) Activity against infection in mice has also been 
found in methylene-blue (Kikuth & Schilling, 1944), 
toluidme-blue and “forbisen” (Peterson, 1944), several 
dyes related to methylene-blue (Andrewes, King & Wmker, 
1946b) and penicillin (Moragues, Pinkerton & Great, 1944) 

The dyes, unlik e the compounds mentioned earlier, bad a 
direct inactivating action on the nckettsiae, demonstra e 
in vitro Activity of toluidme- and methylene-blue and ot 
p-aminobenzoic acid has been shown against other nckettsia 
infections, those of rocky mountain spotted fever, and or 
scrub typhus (Hamilton, 1945 , Murray, Zarafonete & 
Snyder, 1945 , Amgstein & Bader, 1945) All these fin S* 
areat present of interest rather to the student of the theoretical 
aspects of the subject than to the practising c ician 

b Psittacosis group There is general a f^nt toa 
number of viruses in this group are SUSC ®P .. Those 
therapeutic attack with sulphonamides mtis ^ 

of lymphogranuloma venereum sulphonamide 

readily attacked by a number of drus im . 

group, though different authors place the various drugs 
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different order of effectiveness (Findlay, 1940b , Jones, Rake 
& McKee, 1941 , van den Ende & Lush, 1943 , Felton, 
Hebb & Oliphant, 1943) The substant es pievent death 
from lymphogranuloma m mice, but rarely cause complete 
sterilization of the infection Most workers agree that they 
have no in vitro killing action and are inhibited by p-amino- 
benzoic acid (MacCallum & Fmdlay, 1938 , Levaditi & 
Perault, 1942 , Rodamche, 1943 , Findlay, 1940a , Mudrow 
& Bock, 1943), but a few workers have put forward contrary 
views on these two points (Seeler, Graessle & Dusenberg, 
1943 , Holder, Levme & Bullowa, 1942) Eaton & Hanford 
(1945) report very different activity on the part of sulpha- 
merazine according to the host (mouse, hamster or chick 
embryo) in which the drug was tested Some viruses of the 
group, when given intravenously in high concentration, kill 
within 36 hours by a so-called “ toxic ” effect Such toxic 
deaths were not prevented by sulphonamides (Rake & 
Harare, 1944) 

Other viruses of this group, those of psittacosis, memngo- 
pneumorutis, and feline pneumonitis, seem to be unaffected 
by sulphonamides, but it is uncertain whether this will prove 
to apply to all strains, or whether there are strain differences 
in sensitivity to these drugs such as exist, for example, 
among streptococci Trachoma and inclusion-conjunctivitis 
in man arc held to be benefited by sulphonamides , here 
some part may be played by the action of the drugs on 
associated bacteria (Loe, 1938 , Barrat, 1941) Heart-water 
of cattle responds to a sulphonamide, uleron (Neitz, 1940) , 
though usually classed as a nckettsia (R ruminantium ), the 
agent of this disease is probably better placed with the group 
now under discussion While not, or but rarely (cf Bedson, 
1943), affected by sulphonamides, the psittacosis virus can 
be attacked successfully with penicillin, at least in experi- 
mental infections (Heilman & Herrell, 1944 , Parker & 
Diefendorf, 1944 , Bedson & May, 1945), though it is likely 
that the dosage required is outside the limits practicable for 
man Finally, Mauer (1938) has reported activity on the 
part of trypaflavin against psittacosis m mice 

c Action of sulphonamides on other viruses Claims have 
been made for activity on the part of various sulphonamides 
against influenza, lymphocytic choriomeningitis, dog 
distemper, measles and smallpox These claims have failed 
of confirmation in the case of influenza virus and chorio- 
meningitis infections Activity in dog distemper (Marcus & 
Necheles, 1938 , Bryan, 1941), measles (Hogarth, 1939 , 
Anderson, 1939) and smallpox (Patel & Naidu, 1940 , 
Cottrell & Knight, 1943 , Leishman, 1944) is almost certainly 
due to an effect on the secondarily-invading oigamsms which 
are responsible for most of the complications and mortality 
Evidence of action against the viruses themselves is lacking 
Remarkable potency of sulphonamides against a virus 


associated with fowl-paralysis has been reported by Asplm 
(1944), but no confirmation by other workers has appeared 

d Other chemotherapeutic studies i n virus infections 
Negative results of trials have been reported by numero > 
workers. Reference need be made only to those papers 
which report tests of considerable series of compounds 
on influenza (Coggeshall & Maier, 1942 , Krueger et at 
1943 , Andrewes, King & van den Ende, 1943), on polio’ 
myelitis (Coggeshall & Maier, 1942 , Kramer, Geer & 
Szobel, 1944 , McKinstry & Reading, 1944, 1945), on 
lymphogranuloma venereum (Andrewes, King & van den 
Ende, 1943), on St. Louis encephalitis (Kramer, Geer & 
Szobel, 1944), and on typhus (Andrewes, King, van den 
Ende & Walker, 1944) , (see also van den Ende, Stuart- 
Hams, Fulton & Niven, 1946) 

Of claims to have achieved success, few are based on strong 
evidence Mention may be made, however, of reported 
activity of mercurochrome against canary-pox (Manwell & 
Goldstem, 1939 , Coulston & Manwell, 1941) andofqumme 
against fowl-pox (Robbins, 1942) No^attempt will be made 
here to review the numerous studies on m vitro action of 
many compounds on viruses, for it is questionable how far 
the results obtained are likely to find application in in vi\o 
trials 

e “ Chemotherapy ” of bacteriophage A number of 
substances have been shown to be capable of suppressing 
the activity of a bacteriophage without greatly affecting the 
growth of the bacteria it attacks While there is dispute as 
to how far analogies to infections with animal viruses may 
usefully be drawn from such studies, some of the results are 
of much mterest and may possibly, furnish useful clues 
Stassano & de Beaufort (1925) and Bordet & Renaux (1928) 
found that some phages could be inhibited by dilutions of 
citrate and oxalate which did not affect the associated 
bacteria , the phage apparently needed more calcium ions 
for its growth than did the bacteria According to Wahl 
(1946), certain phages require an optimum concentration o 
calcium for lysis, but lysis can be produced with ^ ess ^ an 
the optimum amount of calcium ions if aneurin is added 
Spizizen (1943) found that arsemte acted as a specific 
inhibitor of a coh-phage (y) Reference has already been 
made to the work of Fitzgerald et al (1946) on srnula 
activity on the part of “ phosphme GRN ” 


Though the whole problem is a difficult one, there exist 
leads which are not without promise , of greatest encourag - 
ment is the fact that the nckettsiae and some of the urg 
viruses are susceptible to chemotherapeutic attack a 
they are, like the smaller viruses, strict parasites, . dost y 
dependent on the conditions existing within the cell to 
life and growth 
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y some the word “ chemotherapy ” is confined to the use 
0 su bstances having a systemic action, but by its literal 
meaning it should include the effective use of these and other 
su stances by local application Although the most notable 
vances of the past decade have been m the field of systemic 
rcatment, there has also been a remarkable improvement 
the results obtained by applymg substances with an anti- 
ctenal action to the site of infection itself Indeed, it is 
> within the last six years — a period almost coinciding, 
not without reason, with the World War— that this kind of 
reatment has been developed on rational lines This change 
ns been due in pan to the introduction of new and more 
powerful antibacterial agents, but also to the employment 


both of these and of older remedies in a more intelligent 
way These advances have been connected mainly with the 
treatment of various lands of wound, but infections in other 
parts of the body, such as the skin and various mucous- 
membranes, have not been neglected 

PRINCIPLES 

If local chemotherapy is to succeed, certain conditions 
must be fulfilled, and it is easy to illustrate failure due to lack 
of their observance by examples from the past The chief 
of these conditions are the following 

Adequate Antibacterial Action 

It goes without saying that the substance employed should 
be capable, at least m favourable circumstances, of killing 
or at least of preventing the growth of the micro-organisms 
concerned- An example of a frequently-used wound anti- 
septic almost devoid of this power is iodoform It is 
particularly interesting that this was the only woimd anti- 
septic applied in the past in the form of a powder This 
method has recently been recognized as having great 
advantages — provided, of course, that the substance so used 
has the necessary action — because it ensures persistence of 
effect. 

It is often necessary to know the precise nature of an 
infection before deciding bow to attack it, because the 
susceptibility of different micro-organisms to the same agent 
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may vary greatly Generally speaking, the better the agent 
the more selective is its effect Phenol is a weak germicide, 
but being simply a general protoplasmic poison, acts more 
or less equally on all bacteria Acridines and dyes in general 
have a highly selective action, exerted mainly against gram- 
positive bacteria. The acme of selectivity is reached in 
penicillin, with an unexampled action on some bacterial 
species and less than noDe on others. I say less than none 
for two reasons • some bacteria are not only unaffected by 
penicillin but produce an enzyme which destroys it , 
secondly, there is some evidence that certain concentrations 
of penicillin actually stimulate the growth of bacteria 
resistant to it. 

Efficacy in Body Fluids and Tissues 

It is not enough that the agent used is lethal to bacteria 
in the test-tube , it must retam this power in the environment 
m which it is required to act m the body. This may be 
mucous secretion, faeces, blood, a serous effusion or pus 
It is well recognized that many antiseptics fail on this account , 
magnificent performers in water, they lose all activity in a 
wound This is due to chemical combination with some 
constituent of the medium, and is best illustrated by oxidizing 
agents such as hydrogen peroxide and potassium perman- 
ganate, and the halogens Iodine and chlorine are both 
rapidly inactivated by body fluids , iodine, although an 
excellent skin disinfectant, is therefore not an efficient wound 
antiseptic 

The more modem local chemotherapeutic agents owe their 
success largely to the fact that such obstacles do not deter 
them In the first full description of the properties of peni- 
cillin (Abraham, Gardner, Cham, Heatley, Fletcher, Jennings 
& Florey, 1941), experiments were described showmg that 
its action on bacteria was exerted equally in broth, serum, 
blood and even pus It seems likely that streptomycin will 
not prove equally indifferent to its environment Abraham & 
Duthie (1946) have shown that its activity is much diminished 
in acid media Since an acid reaction is often developed m 
foci of infection, the action of streptomycin may be hindered 
where it is most needed 

The Use of a Suitable Vehicle 

This condition must be inserted because preparations have 
been used from which the active substance is not properly 
hberated An extreme example of this is the old practice of 
dissolving phenol in ohve oil , the resulting product was 
popular because it had none of the caustic action of a watery 
solution of the same strength The explanation was simple 
there was no caustic action because no phenol escaped from 
the oil, and for the same reason no effect on bacteria can 
have been exerted The same objection applies, although 
not completely, to suspensions m liquid paraffin and other 
mineral-oil bases , these are generally less effective than 
watery solutions, although for some purposes they have 
other advantages 

Penicillin is frequently used m the form of an ointment or 
cream It is important to know that the base is suitable 
It must neither destroy the penicillin, nor retam it when the 
preparation is in contact with the tissues Selbie, Simon & 
McIntosh (1945) have condemned a form of penicillin cream 
commonly used m Great Britain for failure to liberate 
penicillin freely , others have found this preparation more 
satisfactory. 


Adequate Distribution 

The agent used must be brought into contact with the 
whole of the infected area In the treatment of superficial 
infections this presents no difficulty , m treating deep wounds 
or long sinuses, the difficulty may be insuperable It is 
impossible, at least by ordinary methods, to disinfect a deen 
penetrating wound which has traversed muscle and fascia 
Many wounds due to bullets and shell-fragments are of this 
nature, and it is therefore not surprising that applications to 
such wounds have often failed to prevent sepsis. 


Adequate Persistence 

All the most effective agents for local chemotherapy act 
slowly on bacteria. It is therefore necessary that they should 
be enabled to act for at least several hours and perhaps 
longer This cannot often be achieved by the use of a 
solution, which was almost the only method used m the past. 
Antiseptics have often been used in so perfunctory a manner 
that only magical powers could have enabled them to have 
any effect There has been a certain ritual which surgeons 
have been accustomed to perform, not unlike the rite of 
baptism, since the effect, if any, can only have been super- 
natural 

Two methods have largely superseded the use of solutions 
One is the use of semi-sohd preparations, with which a wound 
or other cavity is filled, after which it is covered with an 
occlusive dressing Propamidine has been used in this way 
m the form of a jelly (Thrower & Valentme, 1943) Meleney’s 
(1939) zinc peroxide paste is similarly applied, and a semi- 
solid cream of penicillin was successfully used by Florey & 
Williams (1944) for packing septic wounds of the fingers 
and hand Perhaps the more important innovation is 
powder treatment Here the agent is applied m solid form, 
and dissolves slowly in the exudate, thus maintaining an 
adequate concentration for some length of time The first 
substance to be used in thus way was iodoform, for the 
simple reason that it is almost completely insoluble in water, 
and hence could be used in no other way Modem and 
effective powder treatment dates from the introduction of 
sulphonamides as local applications , which followed several 
years after their first use as systemic chemotherapeutic 
agents Penicillin and acridine compounds (usually proflavine) 
have also been used in powder form, sometimes undiluted, 
but more often diluted with sulphamlamide or sulphathiazok 
The rate of solution of an agent used in this way is 
important As Hawking (1941) showed experimentally, 
sulphamlamide is too soluble and sulphapyridine too 
insoluble for this purpose , one dissolves and disappears m 
too short a time, and much of the other may sti 
undissolved after several days Sulphathiazole has an in er 
mediate solubility and is thus more suitable, either alone or 
in combination with sulphamlamide, the latter p' ,in S 
useful high initial concentration It \Vbuld be useful for uu 
purpose if penicillin were a less soluble substance , pro a 
(solubility 1 in 300) is ideal, persisting in adequate concen 
tration for a long period 


Accessibility of the Infection 
Local chemotherapy can be expected to succeed only in 
;uperficial infections, or m infection of cavities * 

lenetration of tissue is required, none but the sysu:. 
■oute is of any avad It seems scarcely necessary o po 
his out, but gas gangrene was frequently treated m P 
ly the local application of hydrogen peroxide, than 
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nothing could have been more futile In this disease, the 
infection has spread into muscle many centimetres from the 
wound-cavity before the diagnosis is made Inaccessibility 
may also result from loculation m cavities, and from the 
presence of sloughs, necrosed bone or other non-viable tissue 

Effect on Tissues 

It is almost axiomatic that most ordinary antiseptics do as 
much damage to tissues as to bacteria The ideal local 
chemotherapeutic agent should, as far as possible, be free 
from this disadvantage The least toxic of all is penicillin, 
which has practically no ill effect on the cells of any tissue 
even m concentrations much higher than those which it is 
necessary to use The sulphonamides are also comparatively 
harmless, but in concentrated solution they dimmis h cellular 
activity, and nervous tissue is particularly susceptible to 
damage by them The least toxic of the older antiseptics 
are the aendme compounds, and although in concentrated 
form they cause actual necrosis of certain tissues, they can 
be so used as to obviate this effect. These are the three 
agents which have been chiefly used m the recent treatment 
of wounds 

PRACTICAL APPLICATION 
1 Wound Prophylaxis 

The prevention of wound sepsis is perhaps the most 
important of all forms of local chemotherapy A clear 
distinction must be made between the prevention of wound 
infection and its treatment For about two hours after the 
infliction of the wound, contaminating bacteria are still in 
the cavity of the wound, and have not begun to multiply 
and invade surrounding tissues They are thus still relatively 
accessible, although those enmeshed in blood-clot, or situated 
m crevices between planes of tissue, are not likely to be killed 
by any application which has only a transient effect No such 
application can take the place of necessary surgical treat- 
ment , foreign bodies and devitalized or grossly contaminated 
tissue must be removed. 

The ineffectual attempts to prevent wound sepsis in the 
war of 1914-18 are now of only historical interest , then 
ai * ur ® was due to delay m treatment, inadequate surgery, 
and the use of unsuitable agents, chiefly the older antiseptics 
with a high tissue-toxicity The intelligent use of more 
effective agents dates from 1939 
Sulphonamides The powder treatment of wounds with 
sulphonamides was introduced by Jensen, Johnsrud & 
Nelson (1939) for the treatment of compound fractures in 
civilian practice The method was widely employed for the 
initial treatment of battle-wounds in the war which began 
in that year We have very little statistical information about 
l’ ^though there is experimental evidence in plenty 
totephenson & Ross, 1940 , Henderson & Gorer, 1940 , 
Hawking, 1941 t McIntosh & Selbie, 1942) of its efficacy 
uer certain conditions in the prevention of gas gangrene 
its effect m preventing sepsis generally the clearest 
vi ence is that collected by Bentley & Thomson (1945) 
Itnl° n8 ^ suaIlles during the battle for the Gothic Line in 
" 1Clr * 3est results were obtained with penicillin, but 
vo other series of wounds, one treated with sulphanila- 
!?' e ’ ani * one untreated by any form of local chemotherapy, 
e percentages becoming septic were 1 1 and 23 respectively 
e percentages “ infected ” in the sense of containing 
pyogenic cocci without exhibiting signs of gross sepsis were 
ana 49 , the authors conclude that sulphamlamide often 


restrains bacterial activity sufficiently to prevent sepsis, but 
has little power of eradicating infection altogether In the 
later stages of the war penicillin was used so extensively that 
further information about the action of sulphonamides alone 
has been scanty 

In blood or serous exudate the sulphonamides have a 
bacteriostatic action on pyogenic cocci and on some of the 
Clostridia and, provided that the powder is adequately 
distributed, and that solution and absorption are neither 
too rapid nor too slow, the multiplication of such bacteria 
must be restrained If the method has been abandoned for 
some purposes, it is because even more effective methods 
are now available The only serious evidence against its 
efficacy is the analysis of results in 2,191 civilian cases by 
Meleney (1945) according to which sulphonamide treatment, 
either systemic or local, did not reduce the frequency of 
infection at all The discrepancy between these results and 
most others has yet to be explained 

Aendme compounds The subject of acute controversy since 
1917, when they were first introduced, the acridine compounds 
have now found their proper place m wound treatment 
Without reviewing their full history, it may be said that they 
owe their present recognition largely to the work of Albert 
and his colleagues, who have been indefatigable in synthe- 
sizing and studying the properties of new acridines, and m 
defining the conditions of their employment It is due to 
their influence that acnflavme, which was largely used in 
earlier days, has been discarded , this substance is inconstant 
in composition, too toxic and too soluble Proflavine, on 
the other hand, is a pure substance, of the ideal degree of 
solubility for persistent action when used in powder form, 
and less toxic Perhaps the greatest influence of any single 
paper on this subject has been exerted by Russell & Falconer’s 
(1941) observation that a buffered isotonic solution of 
proflavine is almost without toxic effect on an exceedingly 
vulnerable tissue, the exposed surface of the brain 

No one questions the antibacterial activity of the aendme 
compounds , their in vitro activity is very great and their 
capacity for preventing infection has been demonstrated 
repeatedly They were found more effective than sulphona- 
mides in two series of observations already quoted, those of 
Hawking (1941) and of McIntosh & Selbie (1942) on the 
prevention of gas gangrene Recent controversy has centred 
chiefly on their toxicity when used in solid form There is 
no doubt that proflavine powder in any considerable quantity 
will cause necrosis in normal tissues , Hawking (1943), 
Russell & Falconer (1943) and Russell & Beck (1944) have 
demonstrated this in various ways, using the powder either 
pure or diluted Selbie & McIntosh (1943), on the other 
hand, consider that the changes produced by a powder 
containing 1 part of proflavine to 99 of sulphathiazole are 
not such as to contraindicate its clinical use This mixture 
has been extensively used for the prevention of sepsis, and 
favourably reported on by McIntosh & Selbie (1944) and 
Ascroft (1944) 

It was suggested by the writer (Garrod, 1940) that 
punctured wounds mto which an antiseptic cannot easily be 
introduced might be treated by infiltrating the surrounding 
tissues with a solution of an aendme compound This 
technique has been employed clinically by Arden (1945), 
using a 0 1 % solution of 5-ammoacndme hydrochloride, 
without evidence of any undue toxic effect , the results in 
preventing sepsis were considered good. 

Penicillin Against certain bacteria, penicillin is by far the 
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most powerful antiseptic known, and its absence of toxicity 
is another unique property On the other hand, its free 
soIubikty*is a drawback, since persistence following powder 
application is likely to be short Penicillin became available 
m such vast quantities in the later stages of the war that 
nearly all our information about its power of preventing 
sepsis in wounds refers to parenteral treatment It is never- 
theless evident from the original studies of Florey & Cairns 
(1943) and from those of Bentley & Thomson (1945) that 
calcium penicillin, diluted with sulphamlamide or sulpha- 
thiazole, and used by insufflation, is a valuable prophylactic 
It is very desirable that further studies of the usefulness of 
pemcillin-sulphonamide powders as wound prophylactics 
should be made It has yet to be decided what is the best 
method of dealing with the various types of wound 
encountered in civilian practice, and present evidence 
suggests that such a powder is likely to be as effective as any 
other single application in preventing the development of 
infection 


2 The Treatment of Wound Sepsis 

The treatment of a wound which is already suppurating 
is an entirely different problem from the foregoing Large 
numbers of bacteria are present, in a different medium, and 
some are In the tissues bordering the wound If the 
surrounding tissues are being invaded deeply, as in a spreading 
cellulitis or gas gangrene, local chemotherapy is of little 
value The infection must be localized to the wound and, 
since it is usually suppurative, the chosen agent must be 
active In the presence of pus That they are inactivated by 
tissue-breakdown products m pus is the’ reason for the 
relative uselessness of the sulphonamides for this purpose 

The acridines have no such disadvantage, and. their 
successful modem use in septic wounds dates from the intro- 
duction of proflavine powder treatment by Mitchell & Buttle 
(1942) Granulation tissue is far more resistant than the 
normal tissues bordering a fresh wound to the toxic action of 
proflavine, and these authors introduced quantities up to 
2 g of the undiluted powder without ill effect, although 
amounts less than this were usually adequate Wounds so 
treated dried up quickly and began to heal, even though 
suppuration had previously continued for months This 
treatment has also been used successfully by Raven (1944) 
and by Heggie, Wamock & Nevm (1945) Mitchell & Buttle 
(1943) subsequently used diflavine (2 7-diaminoacndme 
monohydrochloride) in the same way with good results, and 
continuous irrigation with a solution of this compound or of 
5-aminoacridine is recommended by Poate (1944) 
McIntosh, Robinson & Selbie (1945) report favourably on 
flavazole, a chemical compound of proflavine and sulpha- 
thiazole 

It is impossible here to review the many uses of penicillin 
in treating sepsis in various types of wound Both powder 
insufflation and the instillation of a solution after suture 
were found by Florey & Cairns (1943) to control all gram- 
positive infection remarkably, at least in wounds not more 
than ten days old Parenteral treatment has since very 
largely displaced these methods How to treat septic con- 
ditions of the hand by locally-applied penicillin in the form 
of powder or paste is admirably described by Florey & 
Williams (1944) Provided that the Infection is caused by 
penicillin-sensitive bacteria, that the whole area Is accessible, 
and that persistence is achieved, this treatment is more 
successful than any other 


It is impossible to exaggerate the importance of technique 
m local penicillin therapy , progress has indeed consisted 
entirely of devising new methods of application for particular 
conditions The chief aim of these has been to secure 
persistence of effect without repeated application The 
latest example of these ingenious methods is that devised by 
Reading (1946) for mastoidectomy wounds Florey & 
Florey (1943) originally suggested, for this purpose, suture 
of the wound and repeated instillation of penicillin solution 
through a tube. Reading fills the cavity with plasma in 
which penicillin has been dissolved, coagulates this by adding 
thrombin, closes the wound, and leaves it undisturbed until 
the sutures are removed Primary healing resulted in 46 out 
of 50 cases The plasma clot acts as a depot from which 
penicillin diffuses uniformly, presumably for as long as it is 
needed. 

Penicillin is useless for “ gram-negative ” infection, due to 
such bacteria as Proteus and Ps pyocyanea These bacteria 
are also very resistant, although not completely so, to the 
acridines Good effects on these infections have been 
claimed for ethylene glycol monophenyl ether (phenoxetol) 
(Berry, 1944 , Gough, Berry & Still, 1944) 

The place of cationic detergents in the treatment of wounds 
is still uncertain They have a marked cleansing action, and 
probably have considerable prophylactic, although not much 
therapeutic, value Examples are zephyran (Schumacker & 
Bethea, 1943), cetavlon (Barnes, 1942 , Williams, Clayton- 
Cooper, Faulkner & Thomas, 1944) and phemeride (Hand, 
1944) 

3 Infections of Closed Cavities 


The treatment of meningitis, empyema and suppurative 
arthritis has been revolutionized by the advent of penicillin 
Provided that the infection is due to a pemcillin-sensitive 
organism, the injection of penicillin solution into the infected 
cavity is the essential feature of the treatment This is both 
far more effective and more economical than parenteral 
injection The anatomy of the lesion fulfils one of the 
mam conditions for success in local chemotherapy— that 
action shall be persistent A single injection mto such a 
cavity, where the solution is wholly retained and loss can 
result only from absorption, maintains its effect for many 
hours and, in the infected pleura, even for several days 
This form of treatment is applicable to meningitis, 
empyema, pericarditis, arthritis, and to abscesses m other 
situations such as the breast or connective tissue generally 
It does not necessarily render ultimate evacuation of an 
empyema, or of the contents of an abscess elsewhere, 
unnecessary, even though the contents may be sterilized 


4 Skin (Disease 

Superficial bacterial infections of the skin offer a promising 
field for local chemotherapy, and a variety of appl lcat ions 
used m the past probably had some such effect They na 
now been largely replaced either by sulphonamides, w 
are undoubtedly effective, at least in impetigo, or by penicimn 
There is now a considerable literature on the treatment 
skin diseases with applications of penicillin m the > or f 
a spray or cream, which it is not proposed to review 
The results can be summed up very briefly 
primary cause of the disease is infection by staphy 
or streptococci, the treatment succeeds , when scconaan 
infection by such organisms is present, there is improsem . 
when such infection plays no part in the disease, there 
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effect. The local treatment of blepharitis and conjunctivitis 
has also been highly successful when a penicillin sensitive 
infection is the cause 

It is interesting that the conjunctival sac has been the site 
of almost the only example of chemoprophylaxis on which 
reliance has been placed throughout years of scepticism 
about antiseptics The instillation of silver nitrate solution 
into the ejes of new-born infants has presumably prevented 
many cases of ophthalmia neonatorum The time has come 
for this solution to be replaced by something less irritating 
and perhaps more effective The application of penicillin 
cream to die ejelids would fulfil these requirements 

5 The Respiratory Tract 

The gargles, sprays, inhalations and lozenges of the past 
can have had extremely little effect Not only were most of 
the antiseptics contained in them ineffective in themselves, 
but the method of application was much too transient The 
factor of persistence is as important here as anywhere else, 
and none of these measures secured it Effective local 
chemotherapy in the upper air passages began with the intro- 
duction by Delafield, Straker & Topley (1941) of sulpha- 
thiazole snuff for the treatment of nasal carrier-states The 
slow solution of this powder m the nasal secretion was 
calculated to produce an effect lasting several hours This 
treatment has been successfully used in treating carriers of 
Staphylococcus aureus and C diphtherias 
The more difficult problem of maintaining chemo- 
therapeutic action in the mouth and tonsillar area was first 
solved by McGregor & Long (1944), who employed gelatin 
pastilles containing penicillin These dissolved slowly, and 
patients were instructed to introduce another as soon as the 
previous one had disappeared , the effect could thus be 
maintained throughout the day This treatment had a 
remarkable effect on Vmcent’s gingivitis , it was also valuable 
in preventing sepsis after dental extraction, compound 
ractures of the mandible, and tonsillectomy It afforded 
re ' le f m acute streptococcal tonsillitis, and shortened 
,, e ““ration of the earner-state thereafter Recently 
eadley & Barnard (1946) have advocated the treatment of 
cute streptococcal and Vmcent’s infection of the throat by 
^ tise of pemcilhn-sulphathiazole snuff The medicament 
carried through the naso-pharynx to the throat, which it 


reaches within a few minutes , this was proved both by 
tests with dyes and by estimating the penicillin content of 
the oro-pharyngea! secretion, which usually remamed 
therapeutically adequate for 3 hours after taking the snuff 

Finally, penicillin administered by inhalation has been 
used for the treatment of infections of the bronchi and lungs 
This treatment is still in the experimental stage, and exact 
indications for it have not yet been defined Marked, 
although temporary, benefit has been obtained even m 
bronchiectasis The treatment of nasal sinusitis has been 
less successful, perhaps because adequate distribution and 
persistence cannot be achieved in the complex area involved 

COMMENT 

This brief summary has dealt only with local chemo- 
therapy by direct application Urinary and intestinal anti- 
septics are in a somewhat different category, although they 
are m a sense examples of local chemotherapy, and have been 
the subject of great advances during the past few years 
No reference has been made to antibiotics other than peni- 
cillin, although it is likely that in the future some of these 
will be found to have special indications The most firmly 
established of these at present is tyrothnein Suitable, 
owing to its systemic toxicity, only for local application, 
this substance has a variety of uses in the treatment of super- 
ficial infections, including wounds, ulcers, and infections of 
the eye and nose Strange as it may seem, an antibiotic 
derived from a mould may yet prove to be a useful remedy 
for superficial mycoses , the studies of Sanders (1946) offer 
promise m this direction 

Advances in systemic chemotherapy have been the main 
feature of medical progress In the past ten years One of their 
effects has been to revive interest in local chemotherapy 
Surgeons and others who would not previously admit that 
antiseptics had any real value, faced with the spectacle of 
drugs which actually killed bacteria in the tissues and even 
in the blood-stream, were compelled to admit that a direct 
attack upon bacteria in some local and accessible site might 
also have some effect The success of such proceedings has 
been due largely to the advent of new and better chemo- 
therapeutic agents, notably penicillin, but it has depended 
also on observing principles which it has been the endeavour 
of this article to define 
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PRINCIPLES OF ADMINISfRATION 
IN CHEMOTHERAPY 
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Edinburgh 


The successful use of drugs depends on maintainin g an 
adequate concentration at the site of action for an adequate 
time The achievement of this aim depends to a very con- 
siderable extent on the method of administration, the 
frequency of administration, and the use of a preparation 
dispensed in an appropriate form In the past these matters 
have been left largely to chance The therapeutist has decided 
what he considers is likely to be the best way of giving the 
drug, and if his results have been good his decision has been 
justified, but if his results have not been good, it has been 
difficult to know the reasons for his failure 

In recent years much more attention has been devoted to 
these matters Different methods of administration have 
been controlled by estimates of the concentration of the 
active stibstances in the body and this has led to rapid 
advances. The new drugs which have been introduced 
recently would have been much less successful if their 
practical application had depended solely on the old empirical 
method of trial and error 

Tlie problems involved m the study of the effects of different 
methods of a dminis tration are general pharmacological 
problems, and various different types of drug have been used 
in their study„but the present article is concerned primarily 
with chemotherapy and examples will be chosen, as far as 
possible, from experiments on drugs used against infections 
of various lands A fuller discussion has been given else- 
where (Gaddum, 1944a). 

Methods of administration niay be either systemic or 
local When a systemic method is used the drug is intended 
to act after it has been absorbed mto the blood-stream and 
distributed about the bddy Such methods are used when 
the infection is widespread or when the site of infection is 
inaccessible One advantage of local administration is that 
it if more economical, since smaller quantities of drug are 
generally used It is also sometimes less dangerous, since 
high concentrations can be mam tamed locally which would 
have toxic effects in the body as a whole It is also sometimes 
possible by local administration to reach parts of the body 
which are inaccessible to drugs given systemically, either 
because the circulation is poor or for other reasons When 
the circulation is good where the drug is expected to act. 


local ad minis tration is seldom effective because the drug is 
rapidly absorbed mto the blood and carried away. In such 
cases the drug may act both systemically and locally and this 
may be an advantage, but the therapeutist should know what 
is happening, and for this reason it is sometimes desirable 
to estimate the drug m the blood even when it is applied 
locally near its site of action 

Excretion and Fate in the Body 

The optimal frequency of dosing, or rate of administration, 
depends on the rate of disappearance of the drug from the 
site of action This can seldom be measured directly 
It depends partly on the rate at which the drug is destroyed 
locally and partly on the rate at which it is taken up by the 
blood or lymph or washed away in exudations or secretions 
With systemic administration, satisfactory cures are usually 
obtained if an adequate concentration is maintained in the 
blood The disappearance of the drug from the blood 
depends on the destruction of the drug, on its uptake by 
various tissues, and on its excretion in the urine, faeces, etc 
The relative importance of these factors vanes widely. 
Penicillin is mostly excreted in the urine, mepacnne is taken 
up by the tissues and slowly destroyed, only a small 
percentage appears in the urine Ethef is taken up by the 
tissues and then excreted unchanged Acetylcholine is 
rapidly destroyed both in the tissues and Iti the blood Itself 
The fate of a drug in the body cafi sotnetinles be followed 
by measurmg the amounts in vanoiis ofgahs and excreta, 
but it is seldom possible to account for the whole dose in this 
way The simplest way of studying the relative importance 
of destruction and excretion is to eliminate complications 
due (o the transference of the drug from one organ to another 
by making an extract of the whole animal This type of 
experiment is most easily done with small animals such as 
mice or rats Alexander (1943) carried out such experiments 
with sulphamlamide Experiments on rabbits showed that 
this drug was first evenly distributed in the body-water and 
then concentrated in the liver, kidneys and urine, but a 
certain proportion of the dose could not be accounted for 
either in its original form or as the acetyl derivative The 
suspicion that some of the drug had actually been destroye 
was confirmed by estimations made on extracts of whole 
mice, which showed that 30 % of the drug was destroyed and 
the rest was mostly excreted in the urine 

Frequency of Dosage * “Halving Time ” 

The curve showing the disappearance of drugs is often 
approximately exponential , ihe concentration falls rapi 1 
at first and then gradually more ahd more slowly The rate 
is conveniently measured by the half-disappearance time, 0 
halving tune, which is the tune taken for the concentration to 
fall to half its initial value When penicillin, diodone or 
p-aminohippunc acid is given intravenously, the halving tim- 
is measured m minutes The halving tune for sulphona- 
mides or salicylates is measured in hours , for mepacnne 
digitalis m days , and for suramin or mercury m " u 
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The frequency of dosing should generally not be less than 
the halving time if the concentration is to be kept fairly 
constant. The administration of larger doses at longer 
intervals may keep the concentration above the effective 
level, but is a comparatively wasteful way of using the drug, 
and is generally more liable to cause toxic effects The more 
frequent the dosing, the more constant the concentration, 
but the greater the labour The optimal frequency depends 
on a balance of these two factors Continuous administra- 
tion is ideal both for economy of drug and constancy of 
■concentration. It can be achieved by an apparatus which 
produces a steady flow of solution or by the more or less 
steady liberation of the drug from a more or less insoluble 
depot Examples of these techniques, both for systemic and 
local administration, will be given later 
Devices which slow the disappearance of a drug have two 
advantages They decrease the amount needed and make it 
easier to at tain a steady concentration The appropriate 
method depends on the mode of disappearance Acetyl- 
choline is destroyed by cholinesterase, and its disappearance 
can be slowed by giving esenne, which inhibits this enzyme 
When a drug is excreted in the urine, its disappearance can 
sometimes be delayed by slowing the excretion The great 
speed at which penicillin appears m the unne proves that 
it is achvely excreted by the tubules Its disappearance can 
be slowed by giving other drugs which are excreted in the 
same way, and so overload the excretory mechanism. Both 
diodone (Rammelkamp & Bradley, 1943) and p-amino- 
hippunc acid (Beyer, Woodward, Peters, Verwey & Mattis, 
1944) have this effect. 

When a drug is given continuously, or in frequent small 
do'es, it gradually accumulates in the body, and the half- 
accumulation time is equal to the half-disappearance time 
(Gaddum, 1944b) When the having time is short, as with 
penicillin, the concentration rapidly rises to the desired level, 
but when the halving time is longer the concentration may 
nse too slowly, and it is necessary to give large doses at first 
and then reduce the rate of administration when the effective 
concentration is attained This technique is used with 
digitalis, salicylates, mepacnne, sulphonamides and many 
other drugs which are given systemically It is not commonly 
used for local applications, because in this case the halving 
hme is generally short. 

The dose necessary to produce a given initial concentration 
in the blood depends on the volume of distribution The 
dye T1824, or Evans blue, is used to measure the plasma- 
volume, which is equal to its volume of distribution With 
chlorides, bromides and thiocyanates the volume of distri- 
bution is roughly equal to that of the extra-cellular fluid. 
Many substances, such as alcohol, urea or sulphamlamide, 
are evenly distributed in all the body-water Some drugs, 
such as mepacnne, are rapidly concentrated in certain tissues, 
and the apparent volume of distnbuhon is much larger than 
"the total volume of the body The importance of these facts 
is mainly theoretical, and the appropnate initial dose is 
determined empincally 

Oral Administration 

The simplest way of taking drugs is to swallow them, and 
ttus is the method of choice when it is effective, but many 
mugs are poorly absorbed or destroyed before absorption 
Absorption through the oral mucous membrane is slow and, 
although some drugs have systemic effects when given m 
lozenges or pastilles to be placed under the tongue, this 


technique is mainly used for its local effect m the mouth 
For example, penicillin pastilles have given encouraging 
results in the treatment of Vincent's angina (MacGregor & 
Long, 1944) Few drugs, except alcohol, aie appreciably 
absorbed in the stomach, and absorption from the rectum is 
also slow and erratic The mam site of absorption is the 
small intestine, and various devices have been used to get 
unstable drugs into the duodenum before they are inactivated 
in the stomach The devices that have been tried include 
duodenal tubes, which are effective but laborious, the 
administration of alkalis to neutralize the gastnc juice, and 
the use of insoluble preparations or of tablets coated with 
insoluble materials such as salol, stearic acid, keratin, or 
gelatin hardened with formalin Cellulose acetate phthalate 
hds recently been recommended for this purpose It is 
soluble m alkalis but not in acids, and experiments with 
x rays and capsules containing banum sulphate showed that 
disintegration occurred in the small intestine (Hodge, 
Forsyth & Ramsey, 1943) Such preparations are best given 
on an empty stomach with a drink of water, so that they pass 
quickly through the pylorus 

Absorption from the intestine is seldom a very rapid 
process and drugs given in this way have a more prolonged 
action than when they are injected. Attempts to prolong 
their action by the use of insoluble preparations are limited 
by the fact that drugs which are not absorbed fairly rapidly 
are apt to be lost through the anus Various sulphonamide 
derivatives are comparatively slowly absorbed and have 
been used to disinfect the lumen of the intestine They are 
extremely effective for this purpose and liable to cause 
vitamin deficiencies m the patient by inhibiting organisms 
which form vitamins in his gut. The reasons for their slow 
absorption are uncertain , they are not all of them particu- 
larly insoluble It is possible that the slowness of absorption 
of these drugs is due to the fact that they are not ionized 
(Krebs & Speakman, 1946) On the other hand, it is possible 
that light will be thrown on this problem by experiments of 
the type earned out by Bose, Ghosh & Rakshit (1946), who 
injected various sulphonamides and then estimated their 
concentrations in the contents of the alimentary canal. 
Those concentrations were sometimes much higher than the 
concentrations m the blood. The best drug for disinfecting 
the gut may be the one which is most actively excreted into 
the gut On the other hand. Hawking (1942) obtained 
evidence that very little sulphaguamdine is excreted into the 
gut compared with the amounts in the unne Further 
evidence is desirable on this point 

Intravenous Injection 

Intravenous injections are used to get a quick action, or 
when the solution is irritant. Rapid dilution by the blood 
diminishes the irritant effects, though very irritant solutions 
may cause local phlebitis If the solution is injected very 
rapidly the drug may all reach the heart and lungs almost 
undiluted and cause immediate toxic effects upon them. 
If a minute or two is taken over the injection, this particular 
danger is generally avoided, but even then the concentration 
in the blood as a whole may rise to dangerous le.els before 
the drug passes to the tissues The dangers of “speed 
shock” were emphasized by Hnschfeld, Hyman & Wanger 
(1931) This led to the administration of neoarsphenamme, 
and later maphaiside, by slow intravenous infusion (Hyman, 
1940) 
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The rate of disappearance is usually high when drugs are 
given intravenously, so that slow, rather than quick, injection 
is advisable, not only because it is less likely to cause toxic 
effects, but also because it is more likely to maintain an 
effective concentration m the blood for an adequate time 
Such infusions may have to be maintained for a number of 
days Special needles have been devised which can be kept 
in position on a patient’s arm and which give him some 
freedom of movement (Herrell, 1945), but some workers 
have had poor results with needles and prefer to tie a cannula 
m a vem This technique has the disadvantage that when the 
cannula is removed the vem must be tied and cannot be used 
again In any case the vem usually becomes inflamed after 
a few days and the site of injection must then be changed 
The number of available vems is large but not infinite 

The fluid should contain isotonic sodium chloride (1 %) 
or glucose (5%) Various workers have proposed that 
heparin should be added to prevent thrombosis (Martin, 
1944) A common rate of injection is 2 5 cm 3 per minute 
or 3 6 1 in 24 hours The apparatus is usually a simple 
reservoir 2 feet [06m] above the patient, and the rate is 
controlled by a screw-clip and a drip-feed 

Marrow Infusions 

The administration of fluids mto the bone-marrow was 
first described by Tocantins & O’Neill (1941) Such fluids 
pass directly mto the blood-stream, and even blood itself 
can be given in this way The rate may be as high as 25 cm 3 
per minute, and this method has been recommended as easy, 
quick and safe when vems are difficult to find (Bailey, 1944 , 
Morgan, Christie & Roxburgh, 1944) The infusion of 
penicillin mto the marrow near the site of osteomyelitis 
should be particularly effective by producmg a high local 
concentration as well as an adequate concentration in the 
systemic blood (Aird, 1945) 

Subcutaneous and Intramuscular Injections 

These have the advantage of simplicity , the needle can 
be inserted by a nurse Fluids may be given either con- 
tinuously or in repeated doses For continuous administra- 
tion the intramuscular method is best, since absorption is 
quicker Usmg two needles m the thigh muscles, fluids can 
be given as rapidly as 5 litres m 24 hours, or 3 5 cm 3 per 
minute (Billimona & Dunlop, 1940), but high rates are 
liable to cause pain, and it is generally agreed that the volume 
given by this route in 24 hours should be as small as possible 
The slower the rate of injection the more difficult it is to get 
a steady flow, and various devices have been used for this 
purpose One simple apparatus which delivers 100 cm 3 in 
24 hours is known as Eudrip 111 (McAdam, Duguid & 
Chaliinor, 1944) , the rate is controlled by the flow of air 
through a capillary tube Various authors have described 
electrically-operated machires which gradually push in the 
piston of a syringe In this way the rate may be reduced to 
as low as 2 cm 3 per 24 hours The need for economy in the 
use of penicillin has been a potent stimulus to the invention 
of such methods of administration Now that penicillin 
is becoming more plentiful, there is a tendency to revert to 
the simpler procedure of repeated injections. 

When repeated injections are used it is usually an advantage 
if the drug is slowly absorbed so that a fairly steady concen- 
tration is maintain ed in the blood There are many methods 
of forming such depots of drug, and some of them are apt 
to be too effective, so that an adequate concentration in the 


blood is never reached The route of absorption depends 
on the molecular weight of the substance absorbed When 
this is greater than 20,000 (which is about that of the small*? 
protein molecules), absorption is by lymphatics and can be 
slowed by immobilizing the site of injection Smaller 
molecules are absorbed by the blood (Barnes &Trueta, 1941 j 

The rate of absorption depends on a number of factors 

l Site of injection Intramuscular injections are usually 
absorbed more quickly than subcutaneous injections 


u Local circulation Warmth dilates the blood-vessels and 
quickens absorption, and cold has the opposite effects 
Trumper & Hutter (1944) have recommended that the site 
of injection of penicillin should be chilled to slow absorption 
and dimmish pam The circulation can also be slowed by 
adding a vasoconstrictor such as adrenaline to the injection 
and this method is used to delay the absorption of local 
anaesthetics 


ill Surface-area of the depot A watery solution of 
a bismuth salt is absorbed more rapidly than an oily solution, 
partly because it is less viscous and spreads more widely in 
the tissues The effect of the surface-area is also shown 
particularly clearly when pellets of steroid hormones are 
implanted subcutaneously Such pellets may continue to be 
absorbed for many months (Thom, Dorrance & Day, 1942 , 
Dunlop, 1943) They can be taken out at intervals and 
weighed and measured In this way it has been found that 
the rat© of absorption is directly proportional to the surface- 
area (Bishop & Folley, 1944) 


iv Solubility of the drug and its vehicle in the tissue fluids 
This is the most important factor, and there are many ways 
of taking advantage of it The solubility of the drug can be 
controlled by convertmg it mto a salt with the appropriate 
properties Experiments with steroid hormones have shown 
that this has a marked effect on the rate of absorption The 
solubility of the vehicle can also be controlled Drugs may 
be given suspended or dissolved in water or in fatty oi 
Protaimne-msuhn is a relatively insoluble preparation w c 
is injected in watery suspension Globin insulin and bismu 
tartrate are injected m watery solution, but are immediate y 
precipitated in the tissues and then slowly dissolved ‘ r °W 
Iene glycol can be used in much the same way It is re 3 y 
miscible with water, but dissolves steroid hormones an o c 
fat-soluble substances When such solutions are injec 
solvent mixes with the tissue-fluids and the drug is precipi 
and then slowly dissolved Water-soluble substances 
as adrenaline (Kennedy, 1941) or pitressm tnnnate (Court 
Taylor, 1943) or sodium penicillin (Raiziss, 1944) are s y 
absorbed when injected m suspension m oil, bu 
more commonly used for drugs which dissolve in em 
When liquid fats such as peanut (arachis) oil or sesam. 
or esters such as ethyl oleate, are injected mtram ’ 

they and the drug are slowly absorbed The ra o d 

hon and local irritant effects of various oils have been 
by Brown, Wilder & Schwartz (1944), who came to the cod^ 
elusion that sesame oil and maize oil were P of 

cottonseed oil and peanut oil The rate o a as 

these oils can be slowed by adding subs n 
beeswax, which consists of long-chain alcohols ^ 
acids and their esters It is relatively rnsolub . 

diminishes the solubility of the oil It has been used 
the absorphon of histamine, desoxycorticosterone a 
heparin, and penicillin (Romansky & Rittman, 
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Respiratory Tract 

The mucous membrane of the nose is a fairly effective 
absorbing surface, and snuffs containing nicotine, cocaine 
or heroin give satisfaction when applied to it Pituitary 
extracts have been given by this route, but the method is not 
very reliable Drugs applied to the nose are usually intended 
to have local effects, but if large quantities of od aie given 
in this way as a solvent, it may run down mto the lungs and 
cause pneumonia (Robertson, 1940) 

Sprays are sometimes used to administer drugs to the 
lungs The simplest forms of spray produce large drops which 
are deposited m the nose It is only droplets with a diameter 
of 5 n or less which reach the lungs, and these form a stable 
cloud which shows no tendency to settle Such clouds are 
produced by sprays containing a baffle, which returns all 
but the smallest drops to the mput of the spray (Collison, 
1935) Water-soluble substances which reach the lungs are 
very rapidly absorbed mto the general circulation, and a lung 
may absorb several tunes its own weight of water in an hour 
On the other hand, it is difficult to give much drug in this 
way The total weight of the drops in a cloud is commonly 
about 5-10 mg per litre If, therefore, it is possible to use a 
10% solution of the drug and to induce the patient to inhale 
10 litres per minute and retain all the drops, he will receive 
about 5-10 mg of drug per mmute Usually the rate of 
administration will be less than this, and prolonged inhalation 
will be necessary to get much drug into the systemic 
circulation 

On the other hand, such sprays produce a high concentra- 
tion of the drug on the walls of the bronchi, and it is not 
difficult to produce effective concentrations of drugs in the 
sputum This method of administration is thus most likely 
to be effective in the treatment of infections of the bronchi 
Both sulphonamides (Mutch, 1944) and penicillin (Bryson, 
Sansome & Laskin, 1944) can be used in this way 

Serous Canties 

The permeability of the linings of the body-cavities is 
important m the treatment of infections of these cavities 
The sulphonamides usually penetrate serous membranes 
easily, but penicillin normally does not do so and is often 
given by local injection When the membrane is inflamed 
its permeability m both directions is increased Systemic 
administration is therefore likely to be more effective in the 
treatment of infections of the pleura, meninges and joints 
than might be expected from experiments on normal subjects 
The peritoneum is more permeable than other membranes 
Penicillin is given by injection mto the pleural cavity, joints, 
and cerebrospinal fluid in the treatment of local infections 
of these parts, and an effective concentration is usually 
obtained for much longer than would have been the case 
if the same dose had been given systemically It must be 
remembeied, however, that such infections usually involve 
the tissues surrounding the cavity as well as the fluid inside, 
and it is often desirable, therefore, to maintain an effective 
concentration in the blood as well as m the cavity When 
sufficient penicillin is injected locally in such cases, it may 
actually increase the blood-concentration effectively for long 
periods through slow absorpUon of the drug It has even 
been suggested that penicillin should be injected mto normal 
cavities in order to treat infecUons elsewhere, but the rate of 
absorption is not likely to be under good control in these 
circumstances, and it is doubtful whether this method of 
forming a depot will have wide application 


Wounds and Bums 

The application of drugs to wounds has been discussed by 
Robson (1943) and Hawking (1943) In parts of a wound 
where the circulation is good, the local administration of 
drugs is unlikely to be effective because the drug is rapidly 
absorbed, and systemic administration is more likely to 
achieve results Where the circulation is bad, the only 
effective way of using drugs is to apply them locally Drugs 
diffuse very slowly over distances of 1 cm or more unless 
they are carried by convection currents, and it is therefore 
necessary to ensure that the method of application carries 
the drug to all parts of the wound Dead tissues form a 
barrier to drugs, and then removal is therefore desirable for 
this leason as well as others 

Drugs are liable to disappear rapidly from wounds, either 
because they are absorbed or because they are inactivated 
It is therefore usually necessary to apply the drug con- 
tinuously or repeatedly, or to form a local depot from which 
the drug is slowly liberated The continuous irrigation of 
wounds has been much used, and is particularly likely to be 
effective when the wound is enclosed in a bag through which 
a solution of the drug runs Penicillin is effective when 
given intermittently through a rubber tube inserted through 
the skin when a wound is sewn up Local depots can be 
formed by the use of powders which are sprinkled or 
insufflated over the wound and as far as possible mto crevices 
The concentration of the drug in the wound then depends 
on its solubility Sulphamlamide is fairly soluble and 
effective Its rate of absorption is very roughly half its rate 
of absorption from the intestine (Hawking, 1943), and it 
may therefore cause general toxic effects if excessive quantities 
are used Many other sulphonamides are relatively msoluble, 
and are effective only when a very fine powder is used 

Drugs may also be applied as creams particularly m the 
treatment of bums (Robson & Wallace, 1941 , Colebrook, 
Clark, Gibson & Todd, 1944) The use of sprays is con- 
venient, but drugs applied in watery solution in sprays are 
liable to be quickly absorbed When the drug is incorporated 
m dressings it is not likely to reach deeper parts of wounds 

Eyes 

Drugs do not pass readily from the blood-stream mto 
those ocular tissues which have a poor blood-supply , they 
are therefore often applied locally The application of a 30 % 
solution of sodium sulphacetamide to the surface of the 
conjunctiva is effective m the treatment of corneal ulcers 
(Robson & Scott, 1941) This particular sulphonamide was 
chosen because it is very soluble at neutral pH Penicillin 
is also effective when used m the same way Under suitable 
conditions, drugs penetrate to the cornea, sclera aqueous 
humour and iris The mam barrier to penetration is the 
epithelium on the surface of the cornea (Ginsburg & Robson, 
1945) The penetration of local anaesthetics through this 
epithelium is increased if the solution is alkaline, since the 
free base penetrates more readily than ions Wetting-agents 
also increase the penetration of sulphonamides, but not of 
penicillin, by destroying the epithelium When given m 
drops, the drug disappears rapidly, and hourly administra- 
tion is recommended. The labour mvolved in such frequent 
application can be avoided to some extent by the use of 
cotton packs soaked m the drug or a corneal bath A more 
effective method is to inject the drug subconjunctivally or 
mto the aqueous or vitreous, humour (Brown, 1946) 
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The important contributions of France to chemo- 
therapy have received relatively little attention in 
some of the relevant literature The article below 
was contributed by invitation, and is a first-hand 
account of the chemotherapeutic work of the 
Institut Pasteur It has been placed for con- 
venience in our Historical Section, although the 
Institut Pasteur is essentially a part of the medical 
history, not of the past, but of our own time 

THE CONTRIBUTION OF THE 
INSTITUT PASTEUR, PARIS, TO 
RECENT ADVANCES IN MICROBIAL 
AND FUNCTIONAL 
CHEMOTHERAPY* 

JACQUES TRfiFOUEL 

Director of the Institut Pasteur 

MME JACQUES TRfiFOUEL 

Laboratory Director, Institut Pasteur 

DANIEL BOVET 

Laboratory Director, Institut Pasteur 

fr£d£ric nitti 

Department Director, Institut Pasteur 

Protozoa and Spirochaetes 
1 Trypanosomiasis 

At the Institut Pasteur in 1902, Laveran and Mesrnl 1 
established the conditions necessary for tr ansmi tting 
trypanosomiasis from one animal to another Mesml and 
Nicolle’ in their later studies of this disease demonstrated 
the therapeutic properties of certain dyes, such as afndol 

* Translated from the French by A H S with assistance from Dr F R Selble 


violet and trypan blue, and also of several arsenical 
compounds 

The study of the latter group of compounds was continued 
by Ernest Foumeau, who is justly considered to be the 
successor of Ehrlich, the pioneer of chemotherapy Foumeau, 
appointed director of the Department of Therapeutic 
Chemustty at the Institut Pasteur in 1911, contributed to the 
identification of atoxyl, the first active drug that could be 
used with safety in the treatment of human and animal 
trypanosomiasis 

The exact determination of the structural formula 0 
atoxyl has had a decisive effect on further research on t e 
arsenical drugs once it was known that atoxyl was not an 
arsenical salt of anilin e but that the arsenic was direc y 
attached to the benzene ring, it was possible to change e 
position of the ammo group, or the group itself coul 
altered, replaced or supplemented by other groups It ts 
study of derivatives obtained in this manner which ' v ® 
pursued, especially since 1921, in the Laboratory of 
peutic Chemistry, and which led us to the demonstration 
the chemotherapeutic properties of orsanme and stovars 


FIG I aso,h, 
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Orsanme (Foumeau 270) (Fig 1) is the remedy for the 
stage and the beginning of the second stage of slecpi g 
ness, as the American tryparsamide is for the final s g 5 
disease Moreover, treatment with a combination 0 
md moranyl is an example of true synergy, since (Q 
:e-sensitizes trypandsomes which have become res . 
he action of arsenical drugs The history of™ of 

Foumeau 309) (Fig 2) is worth recording the torn 
his substance is identical with that of germanm (Bay 
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which the Germans refused to disclose when tests were being 
earned out in Afnca Bayer 205 has an exceptionally high 
therapeutic index in mice, the toxic dose being more than 
300 times greater than the therapeutically active dose The 
first results in man were so promising that the Germans 
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offered to hand over the formula of Bayer 205 in exchange 
for the Cameroons Foumeau, Trefouel, Trefouel and 
Vallee 1 , however, were fortunate enough to discover the 
formula of this substance and published it at once They 
also demonstrated the amazing specificity of its trypanocidal 
properties in fact, by simply removing the CH S group or 
transferring it from the first to the second benzene nng, it 
was possible to cause a decrease, or even complete disappear- 
ance, of activity 

Foumeau, Trefouel, Trefouel, Bovet and Koetschet 5 
showed later that the polyarsemcal derivatives have a selective 
action on Trypanosoma congolense, whereas the mono- 
arsenical derivatives are totally inactive 
Before leaving the field of trypanosomiasis, mention 
should be made of the work of Funke and his co-workers*, 
who demonstrated the trypanocidal properties of Foumeau 

FIG 3 CHjNHCH CH 1 H 

0 

CHlCHi), 
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1921 (Fig 3), the most active member of a series of diamines 
that had no relationship to any of the previously known senes 
of trypanocides Foumeau 1921 is active whether it is given 
subcutaneously or orally 

u Spirochaetal infections 

The activity of bismuth in syphilis was first discovered at 
the Institut Pasteur by Sazerac and Levaditi in 1922 7 Bismuth 
still plays an important part in the therapy of this disease 
along with mercury, arsenic and penicillin 

In the course of our study of the arsenical acids we found in 
stovarsol (Foumeau 190) (Fig 4) another striking example of 


FIG 4 
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the interdependence of therapeutic properties and chemical 
constitution Exa m i na tion of its formula shows that it 
di&rs from orsanme only in the position of the groups 
NHCOCH, and OH m relation to the arsenic acid group 
And yet, while orsanme is the specific for sleepmg sickness, 
stovarso! is the specific for die spirochaetal infections, 
syphilis and yaws 89 It is active by mouth and gives excellent 


results in natural and experimental tertiary syphilis It is 
also active against certain intestinal parasites ( Giardia 
lamblta, amoebae 10 , Blastocystis homims) and Plasmodium 
vivax 11 

in Malaria 

About 1928 Foumeau’s team opened a new research 
laboratory for the study of synthetic antimalanal drugs 
in the canary and Java sparrow [ Padda oryzivora ] In the 
senes of quinolines with a carbon-nitrogen side-chain we 
have found some interesting relationships between chemical 
constitution and activity against various forms of plas- 
modia” in particular, we have shown that with progressive 
lengthening of the carbon side-chain there is a diminution of 
activity on gametes, whereas the effect on schizonts is 
non-existent with the shorter carbon chains and gradually 
increases, as the side-chain is lengthened, to become quite 
definite with the group C n (Foumeau 852) (Fig 5, 6) of which 
the stovarsol salt is Foumeau 915 

FIG 5 FIG 6 
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This represents the logical link um ting the senes of 
plasmoquin, the gametocide, to that of quinine, the schizon- 
ticide The first clinical tests were earned out by Marchoux 
and Chorine 13 

Funke, Bovet and Montezm 14 have s*udied the effect of 
interpolating an aromatic nucleus m the carbon chain 


FIG 7 ^YNoch, 

2235 f 

Among the substances tested, Foumeau 2236 (Fig 7) showed 
a characteristic antimalanal activity against experimental 
avian infection (cananes, fowls) Its relatively low toxicity 
for animals justifies its clinical trial 

Bacteria and Filtrable Viruses 

i Sulphonamides 

The development of antibactenal chemotherapy dates 
from 1935, when Domagk 15 demonstrated the antistrepto- 
coccal properties of prontosil We immediately commenced 
a study of prontosil denvatives, applying the chemical and 
biological principles that had proved their value m anti- 
protozoal chemotherapy In a very short time we discovered 
that the usual rule of specificity of action was no longer valid 
for this senes, at least in so far as changes in the second 
nucleus of prontosil were concerned, since none of these 
affected antibactenal activity We thought it logical to 
assume tha* this second nucleus played only a secondary 
therapeutic role, if any , on the other han d, knowing that 
the azo l inka ge is relatively weak, we put forward the con- 
ception that prontosil, under the influence of constant 
oxidation-reduction reactions in the body, would be spht 
at the link — N=N— by the acquisition of hydrogen and the 
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liberation of two independent molecules, that of p- amino- 
benzenesulphonamide from the first nucleus and that of 
triarmnobenzene from the second nucleus of prontosil (Fig 8) 
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As this second nucleus did not seem to play any part m 
therapeutic activity, we prepared p-aminobenzenesulphona- 
mide (Foumeau 1162 or sulphamlamide), which Gelmo had 
prepared as early as 1908, and carried out tests with it on 
mice The first results were conclusive, showmg that strepto- 
coccal infection in mice was no more resistant to sulphanila- 
mide than to prontosil and was, m fact, more sensitive to the 
new drug 18 . This observation solved the apparent paradox 
of the complete inactivity of prontosil m vitro compared 
with its activity m vivo In fact, prontosil cannot act in vitro 
since it retains its identity , it becomes active only when it is 
transformed by the animal organism into sulphamlamide, 
which is active both m vitro and m vivo From then onwards, 
the study of the azo-derivatives was completely abandoned, 
and sulphamlamide became the starting-point for further 
research by bacteriologists and chemists 

We then showed 17 * that sulphur could manifest its activity 
in other forms than that of the sulphonamido group 
— SO,NHj Activity increases with the degree of sulphur 
oxidation, and we have been able to classify sulphur- 
denvatives in order of mterest as follows sulphides, 
sulphoxides, sulphones 

Of all the substances we have tested, di(p-aminobenzene) 
sul phone (Foumeau 1358) (Fig 9) is the most active against 
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streptococcal and pneumococcal infections in the mouse Our 
friend Dr Buttle reached an identical conclusion at the same 
time as we did But Foumeau 1358 is extremely toxic and 
shows no evidence of the exceptionally wide range of activity 
displayed by sulphamlamide Rodilone (Foumeau 1399) 
can be obtained by means of diacetylation 
By means of experiments on Aspergillus mger we were able 
in 1936 to outline the mode of action of sulphamlamide 18 and 
to conclude that it does not exert an antiseptic action, but 
simply one of bacteriostatic inhibition It “ suspends life ” 
the recent experiments of Lwoff and others 1 * on a flagellate 
of fairly large size, Polytomella caeca, allow us to follow this 
mode of action with ease after two or three normal 
divisions, flagellates of considerably increased size are 
obtained , these are unable to multiply, but then vitality is 
completely preserved, since they again divide normally after 
the addition of an antisulphonamide, such as p-aminobenzoic 
acid These experiments have, moreover, shown that the 
relative activities of sulphamlamide and p-aminobenzoic acid 
are determined by cell-permeability, the maximum bacterio- 


static activity being at pH 7, and the maximum anti- 
sulphonamtde activity being at the isoelectric pomt of 

Nitti and others 10 have investigated the production of 
antisulphonamides in culture media they confirmed that 
antisulphonamide activity accumulates in the most degraded 
protein fractions, and tested the activity of some of the 
amino-acids that constitute the final products of the protein 
degradation scale two of these, dl - leucine and ^/-methionine 
manifested some activity, but this was inferior to that of 
p-aminobenzoic acid The same authors have also synthesized 
a mixture closely resembling a final hydrolysate of myosin, 
and have been able to show that this mixture, which is 
inactive by itself, has a definitely stimulating effect on the 
activity of p-aminobenzoic acid , possibly this results from 
an increase m the ability of the bacteria to produce p-amino 
benzoic acid Finally, these authors have shown that the 
comparative antisulphonamide activity of peptones and of 
p-aminobenzoic acid varies with the nature of the bacteria 
cultures of Proteus, B coh, and Fnedlander’s bacillus that 
are inhibited by sulphamlamide resume growth equally well 
with the addition of either p-ammobenzoic acid or peptone, 
whereas with cultures of streptococci and pneumococci 
growth is re-stimulated by p-aminobenzoic acid but not by 
peptone 

Our knowledge of the antisulphonamide factors m peptone 
media led to a better understanding of the local use of 
sulphonamides in the treatment of wounds by showing 
that sulphamlamide inhibits the development of streptococci 
and Cl welchn, which were together responsible for 75% of 
the deaths in the 1914-18 war, the experimental investigations 
of Legroux and Nitti 11 on guinea-pigs and rabbits made 
possible the treatment of the war-wounded in the spring 
of 1940 

The sensitivity of a micro-organism to sulphonamides 
depends not only on its nature, but also on its virulence This 
was shown by Nitti and Bovet 31 microbes of low virulence 
give rise to infections which are much more difficult to 
suppress , on the other hand, when microbes suspended in 
mucin are injected, their virulence is increased and cherao 
therapy once again becomes effective 
Another factor which influences the action of drugs is t e 
development of resistance to chemotherapy in certain micro 
organisms Roux and Cheve” have shown that strains o 
meningococci can be trained to withstand increasing c ° nc ^° 
trations of sulphamlamide and suiphapyndine But, w er 
m the first case virulence is reduced, the strains ren r 
resistant to sulphapyridme have retained their virulence a 
can cause infections in mice that are refractory to trea 
not only with suiphapyndine but also with sulpbaniiami 
In order to render sulphamlamide active agains 
staphylococcus m cases of furunculosis or carbuncle in J 
vascularization is deficient, Legroux had the idea ofcommwns 
sulphonamide treatment with the resolvent prop 6 
iodine , lodme softens the nodular lesions and u ■ 
sulphamlamide to exert its action on the origina y e 

staphylococci 11 n62 

The first clinical experiments with _ Fourne; a 
(sulphamlamide) were carried out at the Hopita e ^ 
Pasteur by Martin and Delaunay 5 In the coui 
following years, Martin and his co-workers es ^ 

principles of dosage and methods of estimation 
the use of sulphonamides possible in France 
maximum safety and efficiency 
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li Penicillin 

It was this same team that was the first in France to 
experiment with penicillin during the occupation years 
Thanhs to the combined efforts of the Rhone-Poulenc 
Company and F Nitti, a small quantity of penicillin was 
prepared and the first cases treated with this drug date 
from 1944” Later, our hospital was among the first to 
receive penicillin from England and America, and this made 
it possible to extend the original results” 

In order to increase our stock still further, we established 
in March 1945 a laboratory for the recovery of penicillin 
from the urine of patients undergomg treatment” 

The laboratory for the estimation of penicillin added to 
previously known techniques by perfecting A Prevots 
method”, which was based on an entirely new principle 
the test organism, Cl n elchti or Cl buty rtcum, decolorizes 
Janus green by means of reduction m about an hour, and if 
the amount of penicillin present is sufficient to inhibit the 
growth of these bactena, there is no decolonzation The 
method is sensitive and rapid, givmg results in about 2 hours 
We have already said that Nitti was in possession of 
penicillin in 1944 With the aid of the microbiophotometer, 
which was constructed by Faguet and Nitti”, and registers 
bacterial growth-curves, it was possible to demonstrate the 
mode of action of penicillin in the first stage, lasting 
2-3 hours, growth is slowed down, then there is progressive 
lysis, which becomes complete m a few hours if the quantity 
of penicillin is sufficient Lysis is at its maximum when 
growth is most active Lafaille, Sureau and Berrod” have 
shown that the toxicity of penicillin to cultures of diphtheria 
bacilli is inversely proportional to the age of the culture 
As it was not generally accepted that there is a synergy of 
action between penicillin and sulphonamides, this subject 
was reinvestigated at the Institut Pasteur both experimentally 
and clinically Nitti, Boyer and Faguet read a communica- 
tion 15 to the Association des Microbiologistes de Langue 
Franpaise m January, 1946, m which they showed the 
undoubted value of combining these two drugs m experi- 
mental streptococcal or pneumococcal infection in mice 
This synergy is logical, as the two drugs act in different ways 
The experimental findings in mo have been confirmed both 
by tests in utro and by clinical experience 
These conclusions are fully supported m the excellent book 
by Martin and his collaborators 11 , and in Simonnet’s 
memoir 15 

Treatment of Functional Disorders 
The origin of the investigaUons undertaken in the Labora- 
tories of Therapeutic Chemistry on poisons of the autonomic 
nervous system is to be found in the partly accidental 
observation that adrenalin is antagonized by the amino- 
methylbenzodoxan derivatives Fourneau 883 and Foumeau 
933 (Fig 10), which were first synthesized in connexion with 
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our research programme for the discovery of antimalanal 
brugs In these derivatives sympathicolytic action is found 
at its maximum , paralysis, or reversal, of the effects of 
adrenalin appears after a very small dose and affects a verv 


great number of organs and functions blood-pressure, 
capillaries, heart, ins, nictitating membrane, unstnped 
muscles of the intestine and uterus, bronchi and melano- 
phores” 

The fact that the physiological activity f the aminomethyl- 
benzodioxans is connected with the exact correspondence 
of the molecule and some cellular structure stands out with 
particular clarity from the work which has been done on 
the stereo-isomers The ratio between the pharmaco- 
dynamic activity of the left and right isomers 17 is 6 1 and m 
some cases 20 1 

Later we turned our attention to the problem of the mode 
of action of these substances and in particular to the structural 
relationships which would permit the comparison of adrenalin 
and the sympathicomimetics with their antagonists Apart 
from the well-known series of the benzylethylammes (I), 
we discovered the sympathicomimetic activity of several 
senes of new derivatives the phenoxyethylamines 01), the 
benzylethylsulphides OH) ar >d the benzylethylenediamines 
OYT (Fig 11), each of these new series being, moreover, an 
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intermediary stage between what are usually called the sympa- 
thetic “ stimulants ’ and then antagonists, the sympathetic 
“ paralyzers ” We have described new synthetic sympathi- 
colytics in this way m the following chemical senes 
phenoxyethylamines 11 , aminomethylcoumanns”, benzyl- 
ethylsulphides* 1 , benzylethanolhydrazmes 11 , ammobenzyl- 
morphohnes 11 and benzylethylenediammes 11 
As the result of a suggestion that we should extend the 
field of investigations begun by our researches on the phenol 
esters and the aminomethylbenzodioxans, we were led to 
study the antagonism shown by a whole series of new diphenyl 
esters to fibrillations caused by physical or chemical agents 
The systematic study of these showed that the most active 
group of this senes was diethylammoethyloxy-2-diphenyl or 
Foumeau 1262 t> (Fig 12) This product is now used in the 
treatment of angina pectoris 
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The pharmacological study which grew out of the investiga- 
tion of the phenol esters also led us to the conception of 
antihistamine poisons It is well known that the biologically 
highly active amines, acetylcholine, adrenalin and histamine, 
are related in their chemical structure, distnbution m body 
fluids and pharmacodynamic properties It thus appeared 
likely that, just as there are alkaloids capable of opposing the 
effects of acetylcholine and sympathicolytic poisons which 
neutralize or reverse the effects of adrenalin, there might 
be substances possessed of a specific antagonism to histamine 
These synthetic antihis tamin e compounds were discovered, 
in our laboratory, in three chemical senes denved respec- 
tively from phenol (V) aniline (VT) and aminopyridine 
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(VII) (Fig. 13) N-p- methoxybenzyl - N - dimethylamino- 
ethylammopyndine (VII) neutralizes the toxic effect on the 
guinea-pig of 100 toxic doses of histamine, and acts with a 
dose as low as 0 1 mg. per kg Both in France and abroad 
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extensive work has established as classic the conception of the 
specificity of the action of the histamine antagonists and the 
explanation of their action by postulating a blocking of the 
specific peripheral receptors Experiments earned out with 
products of this type provide an additional proof of the part 
played by histamine in anaphylactic shock The antiallergic 
action is clearly apparent in anaphylactic shock in guinea- 
pigs, rabbits and dogs, in the Sanarelh-Shwartzman reaction 
and in the Schutz-Dale phenomenon Various products from 
these series are now used clinically m serum sickness, urticana, 
Quincke’s oedema, and various forms of asthma 16 17 
A recently obtained member of the group of acetylcholine 
derivatives — ethylal of trimethylammomum propanediol 
(Foumeau 2268) (Fig 14)— probably represents the most 
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active parasympathicomimetic derivative known, berne tnm 
in doses of the order of 0 001 mg per kg A similar com? 
pound is at present being studied clinically 16 . 

Particular mention must also be made of a new group of 
mtnc esters of amino-alcohols, with a remarkably simple 
structure (Foumeau 2054) (Fig. 15) and with an action closely 
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allied to that of the nitrites and of tnnitnn , Foumeau 2054 
is just as efficacious as the latter product, but is much less 
toxic* 9 . 

In a senes of publications we have desenbed the expen 
mental and clinical findings obtained with aminothiazole 
(Fig 16) in counteracting thyroid function and in its use for 
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the correction of hyperthyroidism It may be concluded from 
the clinical researches carried out in France, that amino 
thiazole, by reason of its almost complete mnocuity, appears 
to take pride of place over other substances previously 
suggested, such as thiourea and thiouracil 50 The experimental 
work has been based on both pathological and physiological 
studies By means of a technique which makes use of radio- 
active iodine, it has been possible, in tests carried out in 
collaboration with Johot-Cune, to show that, in the living 
animal, aminothiazole antagonizes the synthesis o 
thyroxine 51 
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CLAUDE BERNARD AND SCIENTIFIC 
ADVENTURE 

F G YOUNG, PhD, D Sc 

Professor of Biochemistry, University College, London 


The importance of Claude Bernard as one of the chief 
Sunders of modern experimental physiology was recognized 
even during his lifetime and his fame has grown with the 
years A reviewer’s statement that all recent French 
Philosophy of science takes its origin in Claude Bernard 1 
ma ^ an exaggeration, but at least it testifies to the growing 
k 11011 of his significance as a scientific philosopher 
lttun the last 10 years a number of his philosophical 
wnurgs have appeared in print for the first time, and his 
rincipes de la midecine, which was still unfinis hed at his 
inn ’ ? 0W awaits Publication J M D Olmsted’s detailed 
foil sc “.°* ar ^ y biography 1 , which appeared in 1939, is now 
a more popular exposition of Bernard’s life and 
rK by Raymond Millet, entitled Claude Bernard ou 
< denture sctentifique 1 

It would be difficult to achieve for Bernard what Vallery- 
ot so nobly accomplished for Bernard’s fellow- 
untiyinan and contemporary, Louis Pasteur, and it would 
almost impossible to find in Bernard’s life and work the 
surh ar 10 be derived from many writings on men 
imnr> aS v!i ^ . yet M Millet has almost achieved the 

Bpnvwi ^ 6 Although Michael Foster’s biography of Claude 
ofth/ ’ f )u °^ is bed in 1899‘, describes the scientific career 
great Frenchman, it makes little attempt to depict him 


as a human being, and mdeed the picture of his life as a 
whole began to emerge only with the publication of Olmsted’s 
masterly study The development of the portrait thus begun 
is well carried forward by M Millet’s latest work 

The outlines of Bernard’s life are easily told He was 
bom in 1813 at Samt-Juhen-en-BeaujoIais of peasant stock. 
While serving as assistant to a pharmacist m Lyons at the 
age of 20 he wrote and had professionally produced locally 
a comedy sketch entitled La Rose du Rhone Thus 
encouraged, he gave up pharmacy for the composition of a 
full-blooded five-act drama, Arthur de Bretagne, which, in 
1834, at the age of 21, he took to Paris There he was 
advised by M Girardm, the critic, to study medicine lather 
than the drama, advice which he followed, albeit somewhat 
crestfallen Qualification in medicine was quickly followed 
by appointment as assistant to Magendie, then professor of 
medicine at the College de France, whom Bernard later 
succeeded His discovery that the liver secretes sugar 
( Nouvglle fonction du foie, 1850, 1853) s andhis isolation of 
glycogen (1 857) quickly established his fame as an investigator 
of first rank 

It is no exaggeration to say that during his active years 
there was no field of experimental physiology which did not 
receive some attention from Bernard, and to almost every 
subject that he submitted to investigation he made some 
substantial contribution But scientific fame accompanied 
domestic unhappiness, culminating in formal separation 
from his wife and daughters in 1 870 His wife had from the 
first been unsympathetic and even antipathetic to her 
husband’s investigations, involving as they did vivisection, 
and it must be confessed that in some ways Bernard was not 
a lovable personality His own account of how he took a 
sick dog home for the week-end in order to observe closely 
the development of the animal’s illness may well give a clue to 
the background of his domestic unhappiness About the 
time of the legal separation from his wife, there developed 
an apparently platonic friendship between Bernard and 


289 



HlblORY 


Mme Marie Raffalovich, a friendship which lasted until 
his derth in 1878 There are still preserved in Paris some 500 
unpublished manuscript letters from Bernard to Mme 
Raffalovich written between 1869 and 1878 The light these 
throw on Bernard’s private life at this time is of unique 
importance 

To the man of science, the development of Claude Bernard’s 
researches holds perhaps more interest than the revelation of 
his domestic affairs, or the assessment of his worth as a 
scientific philosopher Like other classics, many of Bernard’s 
writings are seldom read , nevertheless, their putative 
contents are often handed down from textbook to textbook 
jpce a precious heirloom of alleged but unascertained worth 
His views on the question of whether or not liver-glycogen 
can act as a storage-form of administered glucose are usually 
mis-stated, and examination of his writings in some detail 
shows Bernard’s own uncertainty on this point 0 Likewise 
his views on the glycogenic function of the liver are some- 
times much more lucidly expressed in textbooks than m 
Bernard’s own writings 

Some of his earlier publications can give courage to those 
struggling with their own difficulties by demonstrating the 
enormity of some early mistakes of the great physiologist 
There can be little doubt that the results of his investigations 
on secretory nerves coloured, and coloured m false tones, 
all his early ideas on the secretion of sugar by the liver, and 
his early belief that section of the vagus supplying the liver 
causes the disappearance of sugar from that organ 7 arose 
naturally from a preconceived idea that the vagus must be 
the secretory nerve concerned It was such preconceived but 
incorrect notions that led to the discovery of piqure 
“ diabetes ”, and to the interesting theory that the stimulus 
to the secretion of sugar by the liver was initiated m the 
lungs and carried by the vagus to a nervous centre in the 
medulla, whence it reached the liver by way of the spinal 
cord and splanchnic nerves 8 

It is clear, too, that many of Bernard’s early experiments 
on carbohydrate metabolism were carried out under such 
unphysiological conditions as to yield results quite inapplic- 
able to the normal animal In this respect F W Pavy’s 
criticisms'- 1 of Bernard’s early experiments were well justified 
As a young English medical graduate, Pavy had visited 
Bernard’s laboratory in 1854 and had seen repetitions of the 
experiment whereby Bernard had demonstrated that the 
liver of the starving or meat-fed dog secretes large amounts 
of sugar In this experiment section of the medulla was 
first carried out in order to arrest life “ m an essentially 
normal state ” , the blood of the hepatic veins was then 
demonstrated to contain an abundance of sugar while the 
blood of the portal veins contained none On his return to 
England, Pavy decided to investigate the disappearance of 
the sugar from the blood when it was perfused through 
surviving lungs, and for this purpose he withdrew blood from 
the right heart of the unanaesthetized living dog by 
catheterization of the jugular vein To his surprise he found 
that blood obtained in this way contained little or no sugar 


unless the animal struggled or became asphyxiated When 
however, an animal was killed, the right heart was found to 
contain an abundance of sugar As the result of these and 
many other experiments, Pavy concluded that Bernard's 
glycogenic function of the liver was a pathological pheno- 
menon of no relevance to the living normal animal Finding 
later that the sugar content of the portal-vein blood was 
significantly higher than that of the hepatic veins for some 
time after a dog had ingested a carbohydrate meal, Pavy 
concluded that the liver was an organ which absorbed rather 
than secreted sugar, converting the absorbed glucose into 
glycogen” This was in direct opposition to Bernard’s 
ideas and a controversy developed which was still unresolved 
at the time of Bernard’s death' To the end of his long life 
(he died in 1911), Pavy maintained that the production of 
sugar by the liver was a phenomenon of pathological but not 
of physiological interest, despite the ever-increasing body of 
evidence m support of Bernard’s view that the secretion of 
sugar by the liver was an essential factor in the economy of the 
normal animal 

Although his work is now largely forgotten, it is dear that 
many of Pavy’s criticisms of Bernard’s work were justified 
In his early experiments, carried out on a pithed or dying 
animal, Bernard must have stimulated hepatic glycogenolysis 
to a substantial extent, so that the sugar content of the blood 
of the hepatic veins became quite abnormally high In hn 
early investigations Bernard was unable to find any sugar at 
all in the portal-vem blood of the starving dog, and it seetm 
very probable that if his experimental conditions had not 
resulted m the stimulation of hepatic glycogenolysis, he 
would have missed the sugar in the blood of the hepatic 
veins as well as that in the blood of the portal vein, an 
would thus have failed to discover the glycogenic function 
of the liver and would not have isolated glycogen Pavy, 
on the other hand, was able to detect the sugar in portal vein 
blood in hi* earliest experiments but, because his care u j 
chosen conditions prevented post-mortem hepatic Su co 
genolysis, he concluded that the blood m the hepatic vein 
contained the amount of sugar which was norma y < 
tmguishable from that of the blood in portal veins 

In his experimental facts, Pavy was therefore a 
the truth than was Bernard at that time Hence, e , 
paradox arises that, if Bernard had chosen more p ysi 
conditions for his early experiments, he might ne 
discovered glycogen and the glycogenic function o ' ’ 

while if Pavy had been a little less rigid in his deternu i 
to use strictly physiological conditions, he mign 
been led to develop his incorrect theories o ^ 

metabolism Undoubtedly Bernards st [ en ® „ h S vas 
ability to discard ruthlessly an incorrect theory ^ 

led to conclude that its experimental bases "ere ^ 
ability which Pavy did not share to such 3 0 f 

Nevertheless, the fact that Claude Bernard, a ^ 
Olympiad aloofness of intellect, could a rom fort and 
egregious mistakes, may bring some degree 
consolation to us all 


1 Claude Bernard s triumph Times Literary Supplement 15 June 1946 p 277 

* Olmsted J M D (1939) Claude Bernard Physiologist London 
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PHYSIOLOGY OF THE HUMAN EYE 

A. Majitot PfijrsJaktjfl ocu/c/re df/uque Mxuon Pxrii, 1946. 750 frxna 

Though ophthalmology ts nch m monograph Uterature on the 
comparative physiology of the eye, there are remarkably few 
systematic expositions on the physiology of the human eye 
possibly because the subject is so fluid. The publication of 
Physiologie oculaire cltmque, by A Magitot, is therefore particu- 
larly welcome The author has himself contributed extensively to 
the subject, particularly on the physiology of the intraocular 
fluids, and this book brings together critically and exhaustively a 
mass of scattered information on ocular physiology generally 
The field covered is extensive, as is seen from the chapter- 
headings There are fifteen sections, several of them containing 
subdivisions 1 Protective mechanism of the globe n Ocular 
sensitivity m Nutrition of the globe iv Intraocular fluids 
v Ocular tension vt Circulation of the conjunctiva 
vu Cornea vm Ins and pupil ix Lens x The retina 
xl The function of the retina xu The optic nerve xm The 
visual cortex, xiv Ocular muscles and ocular motility 
xv Binocular vision 

This treatise has Gallic elegance and clanty — to use an over- 
worked but thoroughly applicable phrase It is extensively 
illustrated and the presentation leaves little to be desired The 
bibliographies at the end of each chapter, whilst not exhaustive, 
are adequate 

The book is intended for the clinician It lacks any discussion 
of the refractive state, and contains but httle on physiological 
optics, but these subjects are adequately covered by existing 
monographs Magitot s treatise is particularly good in the 
stress it lays on general physiology m the understanding of the 
physiology of the eye, and on the significance of the study of 
pathological states m the problems of physiology It should 
“° I^uch to give ophthalmologists an insight into the basic 
Problems of their specialty, and should greatly stimulate clear 
“inking. The book is likely to establish itself as a standard 
volume 

A Sorsby 
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KIENBOCK’S DISEASE 

JicqUM Rud°If Beitrjfe zur Kllnlk und paitwlogiictien Anatomic dtr Kt en- 
oociucnefl Krankhtit [Vunatummaladc) Benno Schwab# Baxel 1946 4 francs 

Since Kienbock first described an unusual disease of the 
os lunatum characterized by softening and sclerosis, deformity, 
fit co , m P ression and even fragmentation, much discussion has 
jouowed about its nature Roughly speaking, three mam views 
jmve been advanced It has been suggested that there is initial 
trauma, with secondary dystrophic changes in the bone leading 
ft. ‘ornuty, and certainly the frequent history of a primary 
tw ture j s 817611 support to the view A second theory holds 
featn o isea se of the bone is concerned, and that the other 
wiures result from this Axhausen, for instance, has emphasized 
n P 116 necrosis of the os lunatum due to embolism, micro- 
lusras , 01 l° w virulence lodging in the vessels of the bone 
. uc M* g a bland infarct Others have described 
infwT n is °°hterans or vascular spasm as the mechanism of 
th? m tl0n thlr A view would place Kienbock s disease with 
un ! encra ' osteopathies such as malformations, metabolic 
in t de iclencies ln vitamin and hormone supply 
remrrt, rec f^ t study of 14 cases, Ruttner gives good reasons for 
for 016 P a flt°'ogical picture from a dynamic point of view 
„V a = leat ures depend upon intensity and duration of 
been o K “ influences and how long the reactive process has 
going on The dominating histological change is a 


disturbance of healing of a fracture Primary callus is formed, 
but undergoes degeneration and softening, leading to the 
formation of secondary fractures and clefts These may be 
complete or partial, so that only small areas of the os lunatum 
are affected , on the other hand, deformity may be pronounced 
Pseudarthroses often form, and disturbances of cartilage and 
spongy bone are not uncommon The latter include aseptic 
necrosis, cyst formation, medullary fibrosis, lysis and sclerosis 
of the true bony substance Riittner found no sign of primary 
necrosis in his cases, all of which gave clinical and roentgeno- 
logical evidence of traumatic fracture in the first instance He 
suggests that displacement of a fragment through the subchondral 
cortical ring of bone results in weakening of the spongy tissue 
because of lacunar resorption and softening immediately around 
the site of fracture, and predisposes to further fractures at a later 
date In such a way are laid the foundations of a progressive 
pathological process, and from) this comes the pseudarthrosis, 
atrophy of the spongy tissue with splitting, cyst formation and 
the rest 

With so many processes at work m the components of the 
os lunatum it is not surprising that a highly complicated x-ray 
picture is seen in the fully developed case, but a rational 
explanation follows from the pathological studies outlined above 

Treatment of Kienbock s disease is still far from satisfactory 
and Ruttner concludes that conservative therapy is better than 
extirpation of the bone A follow-up of a number of lus cases 
showed that functional disability often persisted in the joints 
concerned when operation was performed 

This is an excellent little monograph, full of useful information 
and written with a pleasing economy of words Of the fifty odd 
references listed, one only is in English Presumably a Swiss 
investigator can at least read that language 

G A Cameron 
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INFECTIOUS ANAEMIA 

G Hemmeler L animh fnfectieuxe Benno Schwab# Bile 1946. 5 francs 

Dr G Hemmeler has written a monograph of 76 pages on 
the anaemia associated with infection He presents m some 
detail his own studies of the penpheral-blood and sternal-marrow 
pictures m a large senes of cases of different types of infectious 
diseases, and also discusses some expenmental observations on 
rabbits He concludes that the anaemia is due to a toxic action 
on the marrow, causing hypoplasia of erythropoietic elements 
Unfortunately no post-mortem reports on the character and 
extent of the marrow are given He concludes from the sternal 
puncture alone that there is a hypoplasia of erythropoietic- 
elements It is generally recognized as important to know 
exactly how much active marrow there is m the skeleton before 
attributing any form of anaemia to marrow insufficiency 
Dr Hemmeler confines his review of the literature almost 
entirely to continental work, and he appears unaware of important 
observations that have been published m England and America 
m this field 

His own observations offer nothing new m the way of facts, 
and his theories appear to be based on insufficient evidence 
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FRENCH CLINICAL EXPERIENCE OF 
PENICILLIN 

R. Mxrttn F NittJ B Sureaud&J Berrod La pinialhneetscs applications chniqucs. 

Editions Mid idles Flimminon Pans, 1945 

The authors of this book are all members of the staff of the 
Institut Pasteur and its hospital, and have been working on 
penicillin, at first with very scanty material and information at 
their disposal, since late in 1943 While, therefore, a large part 
of the book is inevitably based on the work of foreign writers 
the authors have been able to make a considerable contribution 
from their own experience 

The book is divided into two parts the first deals with the 
biological properties of penicillin and its preparation, while the 
second — by far the larger section — is purely clinical This 
section is subdivided according to the type of infection to be 
treated It contains chapters on Infections due to staphylo- 
cocci, streptococci and pneumococci , meningitis , pulmonary 
infections , venereal diseases , war wounds oto-rhino- 
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laryngology ophthalmology (The chapter on ophthalmology 
is contributed by Dubois-Poulsen, while Marc Iselin and Andrd 
Aubin collaborated in those on pulmonary infections and 
oto-rhino-laryngology respectively ) The illustrations are 
numerous and of a high standard and there is a bibliography of 
662 references H 3 
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GEOMEDICINE 

Richard Upjohn Light The progress of medical geography 

•1 ^ map'symbi Is ^ ro ^ ose< ^ a ^ as diseases, with a note on the terminology of certain 

Reprinted from Geogr Rev , 1944, 34, No 4 pp 636-6S4 American Geographical 
Society, New York 

Garrison, the American medical historian, pointed out m 1932 
■that a new science of geomedicine was in process of being born 
and Sigenst, director of the Institute of the History of Medicine 
at the Johns Hopkins University, has favoured the publication 
of an atlas showing the geographical distribution of diseases in 
time and space In 1944, the American Geographical Society 
•sponsored the project for an atlas of diseases, to be designed 
primarily as a tool for research rather than as a popular text-book 
For the proposed atlas there are two methods of approach 
•according to circumstance the first is to attempt to narrow 
the selection down to the two or three best average projections , 
the second is to treat each disease as a separate problem and to 
.use the projection best suited for showing that particular disease 
A comprehensive plate illustrates the range of symbols for use 
on maps , qualitative symbols for differences in kind only and 
quantitative symbols for differences in degree as well as in kind 
The inadvisability of trying to crowd too many kinds of data 
on one map is wisely emphasized 

[The pilot project for the proposed Atlas of Diseases is reviewed below J 

• 

Anastasia van Burkalow Fluorine In United States water supplies Reprinted from 
Geogr Rev 1946, 36, No 2, pp 177 193 American Geographical Society 
New York 


A small amount of fluorine, about 1 part per million, is 
necessary for optimal dental health Where the fluorine-content 
of the drinking water is much less than this, the dental-caries 
experience rates are high , where lt is greater, the disfigurement 
known as dental fluorosis, or mottled enamel, is endemic 
Because of this direct relationship between dental health and an 
element of the physical envifonmcnt, the water supply, a study 
of the problem was chosen as the pilot project for the American 
Geographical Society’s proposed Atlas of Diseases, the primary 
purpose of which is to show the correlation of disease with the 
natural and social environment 

The inclusion of a fluorine test is of recent development in 
water analysis, and incompleteness of data is therefore one of 
the major problems to be faced Suggestions are made as to 
how present knowledge can best be utilized for epidemiological 
study m the United States 

Tnformation on the amount and distribution of fluorine in 
rocks is still far from complete, but enough is known to indicate 
that it is present in markedly differing amount m different kinds 
of rocks Fluorine m soluble forms may be expected in large 
amounts where two conditions prevail (l) an abundance 
of fluorine-containing minerals, supplied either directly from 
magmatic sources, or indirectly by the weathermg and erosion 
of igneous rocks , (u) an abundance of pynte, usually 
found in association with concentrations of organic material, 
to facilitate the decomposition of fluorine minerals The 
need for better data on the fluorine content of potable and 
agricultural waters is urged upon county and state health 
authorities Tests should be repeated on the same wells at 
different seasons The results should be considered in relation 
to the depth of wells, to populations using the supply (both 
human and animal) and, wherever possible, with rock analysis 

^Investigations on the lines suggested might well be considered 
together with the published findings of research on endemic 
fluorosis already carried out in Britain Comparative surveys 
in different countries would rapidly mcrease our knowledge of 
fluorine and its various manifestations The present communica- 
tion is therefore to be welcomed It may be pointed out that 


while the human bone lesions m endemic fluorofic •>«,. 

m T»v^ r8ei l o!?? ? nc * South Africa are mentioned, those described 
in Texas in 1943 by Linsman and McMurray are not considered 


941 


MEDICINE AND SURGERY IN THE USSR 

V P Filatov [Optic transplantation of Uie cornea and tijjue therapy J [in Rumm] 

Professor Filatov’s fundamental work on the transplantation 
of the cornea and the subsequent tissue therapy has opened 
a new era m ophthalmology This book is based on his expen 
ence of over 1 ,000 transplantations It is a most detailed account 
with excellent illustrations and diagrams The first part deals 
with the transplantations proper and the second with the then 
peutic use of conserved tissues m the diseases of the eye, as well 
as m diseases which are not connected with the eye It should 
be of invaluable interest to all ophthalmologists 


U M Ooflund [Modern methods of electro-diagnosis in gun shot wounds of the nemut 
system ] [in Russian] 

Diagnosis by means of electricity of injuries of the nervous 
system was invaluable during the war It not only confirms the 
diagnosis, but is also most useful for the prognosis and treatment, 
especially as regards the necessity of surgical interference It is 
mostly used for injuries of the peripheral nervous system This 
little book gives a compact but detailed account of all its uses 
The author considers that the chronaximetncal method is the 
most perfect method of electro-diagnosis 


A N Obroiov [the technique of physiotherapy 1 [in Ruuijnj 

This short manual on the technique of physiotherapy is meant 
for doctors and sisters of physiotherapeutic departments ol 
hospitals It gives details of the construction of physiotherapeutic 
apparatus, stationary and portable It also deals with the 
electrical processes, which transform the electric current into 
different therapeutic agents There is a chapter which describes 
the possible defects of the apparatus and how they can oe 
avoided by the workers using it It is a short but very useiui 
manual for the personnel of the physiotherapeutic departme 
of hospitals 


fudm [The surgical treatment of gastric and duodenal ulcer] [in RuJiun] 

This is based on Professor Yudin’s 25 years’ experience j" 
hat sphere of surgery From 1928-1943 Professo 
lerformed 5,322 operations fir various conditions ’ wlucn a 
abulated under (a) malignant growths, (b) j, ,j 

c) perforations, ( d ) haemorrhages, and (e) other causes 
i short book, but it gives a very concise account of all ^ 
onditions and the kind of operation performed dunng 
. number of excellent photographs of the var'ousstagesit 
he operations The final chapter deals with he 0B me * 
luodenal ulcers m war-time This is a most interesti 


N Sheimss [The treatment of imuries of fingers and the wrist during u 
[in Russian] 

This little pamphlet deals with the h r f„ a ' d ’ injuries of 
e immobilization and the subsequent treat 


gamzotion of scientific work ,n Institutions of public health In theUSSM 

s is a rebort of a meeting of the Scientific Medical C° nUir j 
was held in Moscow on April 18 th-- 0 tn i jeahn* 

rt report of 9 eminent P^^^fafaddress by tr* 
their respective subjects, followed by a ^ account 
ter of Health, A F Tretiakova I 8 ^ Miristcr cf 

: discussion and ends with an order W „ mZ atiors 
a on the activities of the scientific medical orga 
resolution of the Council ^ t y s»arn 
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IThe prices quoted arc those which obtain within 
the United Kingdom Editors of 01 ericas medical 
journals it ho h tsh to renew publications of iilucli 
notices appear are muted to apply to the Editor 
Jor renew copies, of which a few are sometimes 
a\ ad able Orders for any of the publications 
mentioned may be sent to the Editor if there are 
difficulties in obtaining them local t) Publications 
may be referred to by the numbers gnen at the 
left of each item, e ? Book 942 It should be 
noted that supplies of all publications are limited 
and there can be no certainty that publications 
ordered or requested for renew will be available 
Publications are classified according to the 
Umiersal Decimal Classification and the classifi- 
cation number of each publication is gnen at the 
right ] 


ANATOMICAL EPONYMS 

942 611 (92) 

Anatomical Eponyins being a Bibliographical Diction- 
ary of those Anatomists whose Names hare become 
incorporated into Anatomical Nomenclature! with 
Definitions of the Structures to which their Names have 
been attached and References to the Works in which 
they ore described 

fusie Dobson LONDON' BULUERE TIND VLL S. CO\ 1916 
“ + 240 P \GES 1 PLATE. 22 x 17 cm £1 tOi [£1 5] 

Personal names are no longer recognized in official anatomical 
nomenclature but are still frequently used Professor Wood 
Jones, in his foreword to Miss Dobson’s biographical dictionary, 
suggests that the use of eponyins is a main incentive to learn the 
“Py °* anatomy Miss Dobson provides short summaries 
® tae careers of eponymous anatomists and reference to the 
original descriptions of the parts or processes to which their 
names are attached She points out that, while m biological 
nomenclature personal names are often given to species in 
nonour of scientists not directly concerned with their discovery, 
m anatomy it is usually the discoverer whose name is recorded 
in , u, e , nces to original publications are thus most valuable 
m establishing authority for the use of eponyms, and will be of 
P^aanent use for reference , unfortunately they are not as 
precise as could be wished 

imn r clearly represent much research, as do her correc- 

rerrf att nbutions , for it often happens that a discovery 

nani 2 an °* 3SCure anatomist is credited to a more famous 
mnnifti ^h us s he shows that ‘Bergmann’s cords” have been 
attnbuted to Ernst von Bergmann, the surgeon, while 
r H W u re ’ m ^ act > described five years before his birth by 
te„ Ber ?niann, a little known neurologist 
death author has ascertained the correct dates of birth and 
fJ ~}~ > etc i where variant dates have been recorded, and her 
genera hy accurate The biographical notes are of 
his iS? va uc aQ h insufficiently formalized , and httle attempt 
anatnm 11 mat *S t0 indicate the relative importance of the different 
of aw*?! 5 ’ * or instance, there is no indication of the greatness 
or a Cajal There is uncertainty about the use of 
surmnn ? r laboured names, which could have been 
mrm. ^ ntea hy fuller cross references More-careful editing and 
mn Precision in detail would have made the book considerably 
cnmn.h. 0 u ^e great learning which has gone into its 
P lation, but it is all the same an indispensable reference tool 

W R L 
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Patients and Appendicitis 

Sir Crup English LONDON' JU CHURCHILL LTD 1946 
(DP 'a -h 155 PAGES 4 ILLUSTRATIONS 22 X 14 cm 10s 66. [£0 52x] 

. general aspects (ui) acute appendicitis 
pnaaples ana aipns (tv) treatment of acute appendicitis general 

cases (\ul non , 2 TJ tl0n for acute appendicitis (vi) after treatment of acute 
non acute amjenclTr a fP cntiicl ti5 (vm) indications for operauon upon the 
appendix Points in technique (x) operation on the non-acute 

tat) modem anaesthesia (xu) the folio* through. Bibltographj Index 


This is a little manual dealing with the many aspects of 
appendicitis The author has prefaced his account by a short 
essay on the various types of patients with whom a surgeon has 
to deal though this chapter has little direct reference to the 
rest of the book it is full of practical wisdom 
The rest of the book follows the accustomed lines but is of 
rather unequal merit We think the detailed account of the 
pre operative preparation of the patient, the enumeration of the 
main points of technique, and the remarks on after-treatment 
call attention to many valuable measures On the other hand, 
the section on diagnosis is neither full nor accurate enough 
The author, whose experience must have been very great has 
failed to realize the difficulties of those less experienced Other- 
wise why should he say on page 39, Diagnosis is usually 
obvious and, two pages later, mistake is easy ’ 

No doubt it is a misprint on page 34, which allows it to be said 
that the first symptom is often first felt between 2PM 

and 5PM’, but we consider that it is quite as erroneous to state 
that the initial vomiting in appendicitis is often accompanied by 
hiccough, or to assert that Nausea and vomiting are often 
entirely absent ’ Moreover, readers would have been more 
pleased to have the author’s own account of the valuable points 
in differential diagnosis than an enumeration taken from a 
current text-book, however good 
There are certain omissions in the section on treatment The 
operator who is opening an appendix-abscess is advised to let 
the pus out gradually and control the flow by a senes of swabs 
no mention is made of the invaluable help afforded by suction, 
which will easily keep the field dry and avoid escape of pus into 
the peritoneal cavit> In the description of the Ochsner treatment 
it is advised that nothing should be given by mouth or rectum, 
but no mention is made as to how the patient s fluid balance is 
to be maintained Moreover, we imagine few surgeons would 
agree that morphine should be given four-hourly, especially 
since no details are given as to the dose required 
Though we agree with the authors view that repetition is 
often useful we think that there was no need to describe fully 
the various possible positions of the appendix in three different 
places (pages 24 28 95) To sum up — this is a readable account 
of appendicitis, not full enough m the section on diagnosis, but 
helpful to the practitioner who wishes guidance on pre- and 
post-operative treatment It is doubtful if the experienced surgeon 
will find it of much value 

CHEMISTRY IN MEDICINE 


944 577 1 

An Introduction to Biochemistry 

William Robert Fearon THIRD EDITION LONDON WILLIAM 
HEIN EM ANN (MEDICAL BOOKS) LTD 1946 x - S69 PAGES 
22 X 14 cm £1 Is. [£l (bj 

Part I Elements and Inorganic Compounds (i) The subject matter of 
biochemistry (u) biological dements (ui) inorganic compounds (iv) solutions 
and colloidal systems Part n Organic Biochemistry (v) Classification and 
characteristics of organic compounds (vi) carbohydrates (vii) reactions of 
carbohydrates (vm) proteins (ix) amino acids and pro tern structure 
(x) hpides (xi) steroids (xu) pigments pyrrole denvatnes carotinoids 
flavins mclamns etc, (xiu) catal>sts (xiv) nutrients (xv) alimentary 
digestion (xvi) intermediate metabolism carbohydrates (xvu) intermediate 
metabolism proteins (xviii) intermediate metabolism Iipides (xix) tissue 
respiration and energy exchange (xx) punnes and pyrimidines (xxj) nitrogenous 
bases (xxu) urea (xxui) excretion (xxiv) hormones (xxv) the internal 
environment blood and tissue fluids (xxvi) tissue chemistry Appendix I 
Food composition tables Appendix II Reagents Index. 

Many text-books of biochemistry, particularly those launched 
more especially at the medical student, steer a somewhat unsteady 
course between the Scylla of chemistry and the Charybdis of 
physiology Professor Fearon is, however, an expert helmsman, 
and the third edition of his book demonstrates clearly that the 
subject of biochemistry is very much more than an undigested, 
mixture of chemistry and biology The author of this text-book, 
is peculiarly well fitted for the task which he has undertaken,, 
since he is a chemist with an expert interest m analytical tech- 
mque, as well as a medical man with a wide biological outlook 
The third edition of this book differs from the previous ones 
m the emphasis that is now placed upon certain aspects of the 
subject which are of particular interest in clinical medicine 
furthermore, the chapter on Nutrients ’ has been almost 
entirely rewritten, and a new chapter added on Tissue 
chemistry ’ Since the majority of those reading this book will 
be medical students it is right that the author should stress 
subjects of especial interest m medicine but despite this con- 
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cession, Professor Fearon never falters m h.* a 
of the subject, a point that is perhans^ n r“5i, Wlder treatment 
the education of the medical student a<f f Slgn [ ficance m 
student of science, than the Darticuhr 1 as oP the 
vocational importance in medicine A tvSf S ° f m , atters of 
incisive, albeit somewhat forthright treatment nf a ^ P 6 °I h,s 
based on a wide background, may be r ° f th i® sufa ject, 

concerned with the biological sicmfieanr« d f £ om the sect ion 
higher land-ammals “ Potassmnf n P° £ assium m 

tradition, accumulates in the tissues’ sodn mT 5 f vegetable 
ancestry, circulates in the fluids ” (page 16 ’ t0 a manne 

the physical sciences 111 wield^i^rdano^ to^the 8 power . whlch 
biological phenomena In the rev ewer’s nn.n 2 “°u St dlverse 
much of the importance of biochemist^ tn th , erem lies 

During his pre-chmcal period he should^™? I! 10 1 l led,ca ^ student 
with the technical information renmwH rn ere ^ ly equip himself 
intelligently , this immediately utilitarian aspect of^he the Wards 
of chemistry in relation to medicine is but one naVt^f fhf'h T 
In his early years the medical stnHenr w „ part °‘ th e whole 
he never again acquires to consider the nr, an °P por f uni ty. which 
biological phenomena in general In hm^h Cip e f underhe 

to regard biological systems the ceil nr°ti? emiStry he can learn 

ussues of [he htfher' SS 

examination on macroscopic and microscope :t l f ? r T isual 
objects for consideration on a sub™ S? b V l a L so as 
In learning to regard living tissues m m °Iecular basis 

ions, and the forces acting between tLm ™he s^JTdentof me a d° mS ’ 
creates a bond with his fellow in science ^h rh , of medicine 
his pathway, not only through h"s clmicaf sfudfe^ 

srasjs M&s sh&stst £*? & 

aasassss" ,o b ‘ o,osy of the 

The medical student who studies inorganic rhemuiru i 

in his course sometimes finds but little straightforward™ y y 

between hts early work and ha later' sSSSS hSSSJSd 
physiology In Professor Fearon’s book he finds tw™chanfe^ 
devoted to the biological significance of elements and of inorganic 
compounds, and a most interesting discussion of the position in 
the periodic table of elements of particular biological importance 
In this and in many other ways the book shows ckarlv how 
chemistry underlies the general phenomena of biology 
The book is brilliant in conception and excellent in general 
accomplishment Such excellence makes it the more necessary 
to consider some matters of detail which are not wholly 
acceptable From the section on pages 393 and 394, concerning 
Iinergjr exchange in biological reactions ”, the reader may fail 
to distinguish between free energy and heat, and the terms 
endergomc ” (Coryell) and “ endothermic ” appear to be 
regarded as synonymous Endothermic reactions can sometimes 
proceed spontaneously, although it is true that endergomc 
reactions, both in hving tissues and w reactions in non-living 
systems, must be coupled with a course of free energy if thev are 
to proceed to an appreciable extent 
Dogmatic statements are sometimes made about matters on 
which, even for the elementary student, it might be better to 
express some caution For instance (page 328), “ Contrary to 
what was once beheved, sugars have no ketolytic, or ketone- 
destroying, effect , their action is anti-ketogemc m that thev 
provide a more acceptable source of energy than the fats ” 
Recent evidence suggest that sugars may exert a ketolytic action 
in providing the units of tricarboxylic acid cycle by means of 
which the ketone bodies may be combusted Contrary to what 
is stated baldly on page 500, the pituitary growth-hormone is not 
lipoid in character Oestrogenic factor ” is a most confusing 
term to apply to pituitary follicle-stimulating hormone fnaee 
501) The more recent evidence that nerve-degeneration fn 
vitamm-A deficiency can result from mechanic injuries caused 
by pathological overgrowth of bone (Mellanby) might be men- 
tioned with advantage on page 271 In the reviewer’s opinion 
it is a pity that punne and pyrimidine rings are not throughout 
drawn in hexagon form, instead of in the old Germanic square 
fashion 

In spite of these minor faults, the book shows in its conception 
a wideness of approach to the subject which, combined with a 
vivid but scholarly style of writing, makes it the most readable 
of text-books , while at the same time, it contrives to be an 
important book of reference on all aspects of the subject The 
general principles underlying the biochemical approach to the 


Fearin? S whis f e ‘wdlT ab,£ T OSUor ,n Professor 

amplifying the works of Wordsworth rega,d “ 1 as aiming j„d 

SSkS 

P fa f re heaven, the unenduring cloS 

development of biochemical though? d infIuence on the 

945 F G young 

Micro-Analysis in Medical Biochemistry 6,6# " 

calcult , (ix) gastric analysis riv hvrW^? dun:s for urinc > ( VLU ) analysis of 
scopic procedures , (xn) ufm offuncil 8 ion concentral/on (xi) spccUo 
colonmetnc and photometric measurements ^ 

usePat °he °S the current raethods 

School a lame mr? nf rn f the . Bri . tl ? h Post eraduate Medical 
of the method* j be ™ atena£ being a collected account 

co-worS2 h Th?hnmir pe c d 3nd impro , ved b y th <^ author and his 
of the methnrk -inH°°F^l S concise and Sives a complete account 
but an omissinn and th f i b ? preparat,on oP £ he reagents required, 
and CionlS thC £espcct is the preparauon of Folin 
principle*™^ ag f nt The applications of photometric 
to cover presented Tll e author has attempted 

faeces ptr u ! d ,? f t le comiT ion examinations of blood, urine, 
renmreH f iL blJt the amo “ nt of space allotted has apparently 

suKaAsrS^ime SUCh t0P1CS 35 the deteCU ° n ° f 

it K^ pbaS » t l lr ? ug hout the book is on the practical side, and 
n r „i?.r e regretted t£, at such topics as the cleaning and calibration 
g J 3ss 5 ,ar ? w ere not included, if necessary, to the exclusion of 
the brief references to clinical applications 
e fv/ 15 b°°h should find a welcome place on the laboratory shelf 
or tne clinical pathologist and will also be invaluable to laboratory 
assistunts, especially those reading for the final examination for 
the Associateship of Laboratory Technicians 
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Practical Chemistry for Medical Students 

W tlham Klyne EDINBURGH E & S LIVINGSTONE LTD 1916 
xvi + 460 PAGES 22 X 14 cm £ 1 

Parti Some Fundamental Scientific Ideas (i) The nature of scientific » oil 
Scneral ideas on qualitauve work , (ui) general ideas on quanutauie *oif 
rart U Practical Methods fiv) manipulation , (v) measurement Part III 
General and Physical Chemistry (vi) principles and their application; , 
Ivn; volumetric analysis , (vin) experiments in physical chemistry Part IV 
inorganic Chemistry (ix) reactions of common inorganic substances 
(x) identification of simple inorganic substances Part V Organic Chcnujuy 
(*0 principles , (xn) reactions of organic radicals (xm) classification of lucfa 
orgamc compounds , (xiv) compounds of biological importance Appcrdcci 
Index 

This is a new book and an excellent one Its scope is governed 
largely by the present medical curriculum in the University ot 
Edinburgh, where general and inorganic chemistry, together witn 
some physical chemistry, are studied, either in a pre-registration 
course within the University or in an equivalent course at school 
before the student is admitted to the faculty of medicine Merc 
physical chemistry, together with orgamc chemistry, arc then 
studied during the first year of the medical curriculum In tins 
respect the practice in the University of Edinburgh is similar 
to that in the majority of English medical schools A di/Tererce 
exists, however, in that in Edinburgh the course in biochemistry 
during the second year of the medical course is taken in tee 
department of physiology, despite the existence of an acu« 
department of biochemistry in the University While the closes 
co-operation is desirable between the departments of physioto* 
and of biochemistry (and indeed between the department i 
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inaiomy ancf the other pre-chrucal departments) in the teaching 
af medical students, the fact that there is a possibility of little 
ar no co-ordination between the teaching of the introductory 
inorganic, physical, and organic chemistry, on the one hand 
md biochemistry proper on the other, is not one that will 
tommend itself to all unreservedly 
The scope of the booh is indicated by the headings of the 
main sections (see above) 

The 23 pages devoted to fundamental ideas are most valuable 
and their influence runs like a streak of silver throughout the 
book Too often the student of medicine studies elementary 
chemistry in bewilderment, missing the relationship between 
what he is doing in the laboratory and what he has heard in his 
lectures and failing to appreciate the nature of scientific thought 
and evidence As Dr Klyne points out, frequent reference to 
the earlier chapters on scientific method will be necessary if the 
student is to get the most out of his laboratory work, and if he is 
to realize that such ideas are not confined to chemistry, but are 
common to all organized thought. Although it cannot be 
denied that the early teaching of the medical student should 
include tuition in the nature of evidence and the orgamzauon of 
thought, it is perhaps surprising that Dr Klyne’s early chapters 
are, in a sense, an innovation in an elementary text-book of 
chemistry 

The section on general and physical chemistry is excellent, 
and the study of such general topics before the systematic study 
of inorganic and organic chemistry is undertaken is of great 
importance There is one possible disadvantage in learning 
about such matters somewhat early in the course which ought 
to be guarded against, and that is a failure on the part of the 
student to recognize the general nature of the phenomena which 
are initially being studied in particular relationship to chemistry 
n nruvwii 65 ^" ^ statement is made, ‘Figures such as 10 1 or 
u uuotKXJl are clumsy to use , hydrogen-ion concentrations are 
tnerefore usually described by means of the negatne logarithm 
°{ ~} e . concen, J' a hon ” The word “ therefore " in this sentence 
ml, ps n ? t the happiest of choices It is true that figures such 
'”’ ( , are clll ®sy m use, but surely the reason for the use of the 
lunction is not merely convenience of notation, but 
Decause the influence on biological systems of a change in 
“““atration is determined by the ratio of the 
™~L,° ~ e •“thal hydrogen-ion concentration rather than by the 
°{ th e increment itself At the stage at which he first 
tl ri > , re f I ‘! tcs fact, the medical student should be led to realize 
function is of fundamental importance in 
the elementary student it could be indicated 
k™ u °‘ knowledge of the external world is transmitted 
by wa y of logarithmic functions (e g sight, hearing and 

generally), and that the significance of 
pHscale^ m blQ02y 1S certainly not limited to their use m the 

°f PK values Dr Klyne shows himself 
stu^^,„ y .u Ware of the difficulties encountered by the elementary 
dk: 2,® 11115 aspect of the subject The student who meets 
eomi.nn ^ Qr ! y Wlt h respect to the Henderson-Hasselbalch 
significant 0pp P rtumty of appreciating the general 

diitmoiT,, u pK - s > and m many instances never grasps the 
dissnnnt° n „ 1 hveen * dissociation constant ’’ and “ degree of 
a, nH aUQ ? But by the use of such approximative equations 
fhJ& r i log f ac,d J and pH = 14 - ipK b + Hog 
. 10 ^ found in this book together with other related 
srninlc°m tbe student himself is able to check, by means of 
molW-ni^ 635111611161115 ’ the relationship between pH, pK and 
and m™»“3 ce, 5 atl0n m solutions of weak monobasic acids 
In thp D 5 0a ? <l10 bases of moderate concentrauon 
innmn,. tl ? n 00 tuorgamc chemistry, the reactions of common 
orcWnf^i ubstances are related to the penodic table in an 
on the 2 n ’ 30(1 this treatment lies at the roots of the chapter 
Th.c ,5 5 1 eatton of anions find of canons (group separation) 
for th« .,;!. rS ' c i. a ^ secuon, and the author is to be congratulated 
locic-ii , S „ ac ? ess ‘ ul Packing of so much useful information into a 
who rmllf within the scope of only 121 pages The student 
not rinrnmm “is secUon cannot possibly obtam the impression, 
that r k? 0a aureus elementary students even a few years ago 
cat,on 5 e JT 3up ^Partitions employed m the ldentifi canon of 
divorcetMh^nf rested by a separate acUon of mspiranon which 
Thfi.^ur/rom any other aspect of chemistr? 
mlrodl ^™ uevoted to organic chemistry provides an excellent 
Mtar to this aspect of the medical student s studies and 
ausiactonly relates it to what has gone before This secuon 


as a whole perhaps lacks some of the inspiration of the other 
parts of the book but it nevertheless provides an introduction to 
the study ot more advanced biochemistry which should be most 
valuable The reactions andproperties of substances of biological 
importance are emphasized wherever their consideration is 
appropriate, but the mistake is not made of assuming that such 
matters should be introduced at the expense of the general 
development of the subject in its theoretical and practical 
aspects 

Throughout the book admirable discipline is introduced into 
the methods of approach to the problem m hand, the analysis 
of the findings and the recording of the results The student who 
follows the advice of this book cannot fail to be impressed by 
the immense value of orderly technique 

Although Dr Klyne s book is a practical text, its emphasis of 
the theory underlying practice is admirable and apposite 
Modern views on the nature of valency and the structure of 
matter are judiciously related to laboratory procedures, and 
with this book the student can go from theory to practice, and 
back again from the bench to theory, with the greatest facility 
In the opinion of the reviewer this is a point of the greatest 
importance, and should be a subject for vigorous development 
in the future Dr Klyne has made an excellent start in this 
direction and it is to be hoped that he will pursue this line with 
greater and greater force in future editions of this book 

It was Isaac Newton s inspiration that led him to write 
I am induced by many reasons to suspect that they [the 
phaenomena of nature] may all depend upon certain forces by 
which the particles of bodies, by causes hitherto unknown, are 
either mutually impelled towards each other, and cohere in 
regular figures, or are repelled and recede from each other ” 
(Preface to Principia) 

Newton himself was unable to go far in the application of 
these ideas to chemical matters (see, however, Query 31 of 
Optics) and the application, to elementary ideas, of the results 
of modem investigations into the structure of liquids and solids, 
the nature of the forces binding molecules and atoms together, 
and of the conditions which facilitate the breaking and rearrange- 
ment of valency links, is but now beginning It is to be hoped 
that within the next ten years the elementary books will all 
become orientated along such lines of development Dr Klyne, 
with the advantage of initiating a text rather than revising 
an old one, has already made an exceptionally good beginning 
We hope that his book will exert a widespread influence on the 
development of the teaching of elementary chemistry, and that 
he himself will be earned along by the surge he wall have helped 
to create to cover new and hitherto unexplored ground m the 
new editions which, in the future, may confidently be expected 

F G Young 
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Physical Chemistry of Cells and Tissues 

Rudolf Hobtr, with the collaboration of David I Hitchcock, 

J £ Bateman, Daiid R Goddard Wallace O Fcnn 

LONDON J <k V. CHURCHILL, LTD 1945 mi -r S76 P5GES 
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Section I Selected principles of physical chemistry (i) Diffusion m liquids 
(li) reaction, velocity and enzyme reaction (ui) elements of thermodynamics 
(iv) electromotive force (v) some properties of aqueous solutions. Section H 
Large molecules their physico-chemical properties and their architectural and 
functional significance in living matter (vt) interatomic and mtermolecular 
forces (yu) some properties of large molecules in solution (yui) condensed 
sys tems of large molecu l es, with special reference to the structure of fibers 
(ix) some properties of films and membranes. Section HI Introductory remarks 
concerning the architecture of protoplasm. Section IV The surface of the 
protoplast, its properties and its architecture, (x) the permeability of the cells 
to organic nonelectrolytes (xi) permeability to electrolytes (xii) permeability 
to weak bases and weak acids (xui) permeability to dyestuffs (xiv) perme- 
ability to water (xv) chemistry and physics of the plasma membrane. Section V 
Influen ce of some extracellular factors on cellular activity (xvi) the inflnww 
of inorganic ions on cell activity (xvu) the influence of inorganic ions on fiber 
and cell potentials (rvni) physiological significance of the electro kxneuc or 
f po tentials . (six) the oil like membranes as the seat of thermodynamic 
potentials (xx) the influence of nonpolar polar organic ions (xxi) the uiflccn. * 
of ions upon cell potentials in plants (xxii) the polarization of model membranes 
and of natural membranes by electric current (xxiii) the influence of narcotics 
on cell activity Section VI The respiration of cells and tissues, (xxiv) The nature 
of respiration (xxv) energetics and ki n etics (xxvi) the nature of oxidation 
(xxyu) respiratory enzymes (xxvui) the origin of carbon dioxide («n) the relation 
between fermentation and respiration (xxx) the utilization of liberated energy 
(xxxi) summary Secuon VII Contractility (xrxd) General survey of contractile 
tissues (xxxiu) muscles. Section VTH Passive penetration and acm c transfer m 
animal and plant tissues, (xxxiv) Intestinal absorption (xxxv) the formation 
of urine (xxxvi) the permeability of the body surface of animals and pLmts 
(xxxvxl) the elaboration of digestive juices (xxxvui) some* remarks about the 
energetics of the active transfer the transferring device, -nd their irxchan.es. 
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It is a pleasure to read a scientific book in which the very 
praiseworthy aims of the authors are so admirably carried 
through as in this volume The authors’ aim was not to provide 
a text-book for the student of cellular physiology, but to present 
the achievements up to date, to show the trend of investigations, 
and to stimulate bv pointing out the problems still unsolved 

For the full understanding and appreciation of the contents 
considerable knowledge of physical chemistry and allied sciences 
is required , the authors, being aware of this, offer guidance to 
readers not fully conversant with physical chemistry by reference 
to certain standard text-books 

Starting with the presentation of some basic principles of 
physical chemistry, the authors proceed to problems of increasing 
complexity Through the discussion of forces involved in the 
linkages of atoms and molecules, and of the properties and 
behaviour of molecules of high order or aggregation, we reach 
some of the most important sections m this book, those on the 
surveying of cellular structures, such as fibres, films and mem- 
branes Much emphasis is laid on the properties of plasma 
membrane, and the authors, while presenting the various 
proposed models of this membrane as a mixed film, show that 
such a conception is madequate They propose to consider this 
membrane rather as an “ active organ ”, through which solutes 
and solvent are often transferred by the performance of work 
against a concentration gradient between the inside and outside 
of the cell It is implied that the work done by this cellular 
structure during such transfer is derived from the expenditure of 
metabolic energy A parallel is drawn in this respect between 
plasma membrane and myosin fibrils, m which liberated metabolic 
energy is likewise utilized to perform work 

These considerations lead naturally to the chapters on cellular 
respiration, energetics and kinetics It is shown how the potential 
energy of foodstuffs is liberated stepwise, and suggestions are 
offered how this energy might be utilized for cellular work 

The final sections on contractile tissues, intestinal absorption, 
renal secretion, permeability of the body-surface, elaboration of 
digestive juices are treated, broadly speaking, m the light of the 
previous chapters, and suggestions are offered for the interpreta- 
tion of the mechanisms of active transfer at the various absorbing 
and secreting surfaces 

The book as a whole is of considerable importance , its 
authors have brought together a most impressive wealth of data 
and succeeded, as far as present-day knowledge permits, in 
giving a complete picture of cellular physiology Apart from this, 
the work is a challenge to research workers for further investiga- 
tions Although the various sections were written by different 
authors, there is no feeling of discontinuity in passing from 
chapter to chapter, but one leaves the book with the conviction 
that it has been built on a solid framework Physiologists, 
physical chemists, and biochemists will undoubtedly give a warm 
welcome to this work G 
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Child and Adolescent Life in Health and Disease : 

A Study m Social Paediatrics 
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Part I Historical (0 Private pint an trophy [r/c] and voluntary effort , 
fill voluntary hospitals and the beginnings of paediatrics , (in) poor law care 
of the destitute child . (tv) welfare of school children , (v) infant and child 
welfare (vi) recognition of somo special needs , (vu) the adolescent Part II 
Care of’cwld life at the present ume (vln) homelessness , (ix) the juvenile in 
need of care and protection , (x) the maintenance of health , (xi) help for the 
handicapped , (xii) treatment of the sick , (xm) preparation in child and 
adolescent care (xiv) the administrative background to certain services con- 
cerned with the welfare of children and adolescents (xv) the child under 

conditions of total war Part IU The future (xvi) The spirit of future 
endeavour Part IV Legislahon relating to child and adolescent welfare 
fxvil) Powers conferred on central and local authorities , (xviu) protection of the 
mother foetal life and child life , (xix) concerning some aspects of child care 
under the poor law (xx) concerning educational welfare , (xxi) concerning 
services for the medical care of certain conditions occurring in childhood 
(xxill concerning the employment of children and young persons Appendices 
I Certain representative hospitals providing general medical and surgical care 
for children H Certain representauve special hospitals, long stay hospitals 
hosDltal schools, residential special schools and convalescent homes for children 
tjt 'certain representative institutions societies etc , directly or indirectly 
interested in the care of child and adolescent life in health and/or disease 
IV Categories of handicapped pupils requiring special education V The growth 
of social paediatrics a chronological list of some outstanding events and periods 
Bibliography Index 

The title of Dr Craig’s book, Child and adolescent life lit 
health and disease, is very wide, but the text does really fill m 


the outlines of the great subject defined by the l, tie i n 
preface he gives a concise description of the scone and 1 h 
the book 1 The present-day picture of the nmv,unn, ? f 
care of child life and health can be compared to ai Snfimshfd 
jig-saw puzzle Each piece of the puzzle has its own hist S 
background It is the aim of this book to descS th 
puzzle in its present unfinished form, and as an aid to cKK 
of the puzzle o explain how past progress has been achieved ” 

The subject of the child and the adolescent is under active 
discussion at the moment, and the discussion is a political oat 
in that there is a keen awareness that the polity of child and 
adolescent life is in disorder, and that its policy badly needs 
attention and repair The subject is of national importance but 
it is one of great complexity , and it is handled by many kinds 
of personnel and by many different organizations and services 
The first requirement in the discussion of policy is a reliable 
factual account of all the agencies that attempt to meet the needs 
of child and adolescent life , and it is the outstanding value of 
the book that it supplies expert detailed information on the visi 
and intricate machinery, both social and medical, that ministers 
to all the human needs in health and in sickness of the child 
and adolescent The author has had first hand experience of 
administration, preceded by much clinical experience, and his 
book is an authoritative contribution to the problem and pohej 
of administration in the future 

Dr Craig is not content with describing the present and fore- 
casting the future He goes back into the history of the subject, 
and describes from the days of Queen Elizabeth the rise and 
gradual development of the many philanthropic and state 
agencies dealing with children This first and historical part 
of the book is written with picturesque charm and accompanied 
by many quaint and telling illustrations it is interesting in 
itself, but it is also valuable in explaining the position and form 
of the many pieces m the present-day puzzle picture of 
administration 

It would take too long to describe m more detail the different 
parts of this remarkable book The sub-title describes it as a 
study m social paediatrics But the word life in the mam title 
is the governing word Life in the child and adolescent has its 
social as well as its medical aspects, and in the book the social 
needs of the child in education and industry are fully descnceu 
The book is, in fact, a history, a directory, and a concordance 
of child and adolescent life in Britain In wnting it the author 
has done a great service to all who are concerned with the ernm 
and the adolescent, whether they be politicians, administrators, 
doctors, nurses or, last and not least, mothers Since tne 
publication of the book, he has been appointed to the cnan 
of child health in the University of Jteeas, and he wm no 
have the opportunity of exercising in a great city the omces o 
politician, administrator, physician and teacher in the Item 
child and adolescent life , a, 

A final word of praise must be given to the publishers to 
number and excellent quality of the illustrations 
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Disorders of the Blood. . Diagnosis, Pathol 0 ^’ 
Treatment and Technique 
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(0 The origin, development, functions and fate of the ^fhe^cuculit.- 8 
ii) abnormal haemopoiesis and abnormal ecus found i a “ . o cl j c c,.i 
ui) the principles and practice of haematological diagnosis ac(X ftat- 
iv) the principles and practice of haematological diagnosis u , j, j-cJ- 
ilood platelets (v) the principles and practice of haematology (l)) it 
II Physical and chemical properties of the blood cells and h p _ trno poi 
auses of anaemia (vii) the nature and mods of action ol «• Vc-T' 1 
tances (vm) idiopathic hypochromic anaemia n ®. tn . lon al arjeala 
yndrome Chlorosis (ix) pernicious anaemia and tropical nuuTi^j orJiJ 

x) anaemias due to disease of the alimentary tract and it Sccr»T 

xi) miscellaneous dyshaemopoietic anaemias Radium (nJ K 

thyroid disease, (xu) anaemia in pregnancy and the : puerpe isciu 

laemolytic anaemias, (xiv) the puerpuric and haem , aplss-* c! 
xv) anaemias in infancy and childhood (xvi) dl5c3S “ ^ -j w 
lypoplasia of the bone marrow Aplastic anaemia Ain . . B iculaczf 

xvu) polycythaemia erythraemia and erythrocytosis tx _ J 

leucoses) (xix) miscellaneous disorders associated with sp , n fcet o 8 H 

naemia, Hodgkin s disease Diseases of lipoid metabchs ™ l * / uuC n S a- 
nfectious diseases (xxi) haemagglutination and blood tra 
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groups (xxii) miscellaneous conditions Allergy Kephnus Coronary 
thrombosis. Diabetes Cancer (xxuf) disorder* involving the blood pigments 
Enterogenous cj anosis , (xxi>) technique Subject index. Index of authors 


A glance through the medical literature of the past few years 
is suthcient to make one realize that disorders of the blood have 
provided one of the most popular fields for clinical investigation 
It is m order to keep abreast with this considerable output that 
the authors have produced a fifth edition of their well-known 
book only four years after the fourth While this edition con- 
forms to the general plan of the previous ones, the recent advances 
have necessitated considerable revision of the chapters dealing 
with haemolytic anaemias, haemagglutinaton and blood trans- 
fusion, the anaemias of infancy and childhood, and technique 
The other chapters have been brought up to date also, thc»who!e 
process involving an increase of sixty-two pages of text 
The authors plea that cell nomenclature should be stan- 
dardized will find considerable support all the world over, and 
the relatively simple terminology used by them could well form 
the basis for agreement One can criticize only their faulty 
ahnement of the haemocytoblast with the more primitive ceil 
called haemohistioblast by Ferrata Coloured reproductions of 
blood cells, which are rapidly improving as the years go by, will 
greatly assist in this standardization and the four new illustrations 
m this book, together with the adjoining explanatory sketches, 
show a good way of reaching this end 
One must admit, however, that the technical reproduction 
of the picture the eye sees is still far from perfect, and it is to be 
hoped that improvement in this direction in the future will 
coincide with the insertion of a few more illustrations into the 
text which could be of real value to the reader Important 
examples are the various cells of glandular fever, the different 
Pictures obtained m marrow-smears from cases of myeloma, 
and the mtra-coipuscular development stages of the four malarial 
parasites 


,i k°°k s chief value lies in its excellence as one for reference 
ause tor physician, pathologist, practitioner and student Much 
oi me text could hardly be bettered, but, m the reviewers 
opinion, the merit of the book would be considerably enhanced 
r y “ su 8ht rearrangement of the subject-matter of its clinical 
secuon It is admittedly difficult to know what and what not 
under the heading “ Disorders of the Blood ” Fatho- 
ogicai changes in blood and marrow are divisible into two mam 
gr ups one m which they form the essential lesion of a disease, 
? e !? 1CI . ous anaemia and the leukaemias, and the other m 
t " e hssues are but one of the many possible affected by 
if 356 process > e 8 carcinoma and Hodgkin’s disease The 
mfn r ,rt.° U . P 13 ng}ltly discussed very fully, and forms a most 
of l ^ e book It is suggested that if all the 
„ n „j SL° , tae second group were handled in the manner of the 
reff>rpnr» pter “dechous diseases, the book as a standard of 
d be muc k improved At the moment too much 
in th. ™ up l n die description (sometimes inaccurate, as 
ofsnmZ^r.u P or Phynnuna) of the non haematological aspects 
detail* nr Ik diseases m the group, whereas the haematological 
Bv u,™ „^ se an d other diseases are in contrast rather sketchy 
annear/nr. «r 3 !S rnples f possible blood-changes and the 
thaLneSut. tbe ,_ Pathological cells in marrow-smears are all 

be miii-h ? 1 i be r d , m the of the lipodystrophies , it would 

blood-ch-moif to anyone seeking information about the 

the heading ^ff^J 1C ^i OCCUr m Periarteritis nodosa to find it under 
to the rarer tbls ^ease, rather than under a section devoted 
“ e rarer eosinophilic leukaemia 

boo^and^wi^uri 5 ^ 11011 at tlle , end 15 a welcome feature of the 
to n of the JiJ d be , im P r °vcd still further by the transference 
previous chant^ np 10 Ii? techmc 3 ! methods included in the 
and the Pan? 1 6 n tbose l he Donath-Landstemer reaction 
Ume^ U mat,nn “ nrle m tKt , Q“ ck s method for prothrombm- 
here There ls , su ® cie ntly widely used to be given in detail 
on the relative m , n considerable expenmental work recently 
haemog obm t he ‘ fe 0f the different methods for estimation of 

As tl^ prowdme if nf^V 0 whlc , h are mcluded m thls te « 
haematologm ^crftirai fand . ameat al importance to the climcal 
been very helpful cnbca * ana * ysis °f these methods would have 

haematology ^amf^rom 1S tb r out standmg British work on 

American P^bh^lioS P \Vh!le W “r many ° f the 

there is no question that it V. th ls r ° om for improvement 

interested in this branch^f m P V H^| :0nSlderab f help to anybody 
or ?ncti of medical science Its appeal can be 


gauged by the publication this year of a Spanish edition and it 
would not be surprising if this venture were followed by trans- 
lation into other languages as well 
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Medical Emergencies 

Charles Neaman THIRD EDITION LONDON j A 
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0) Poisoning (u) coma (including sudden paralysis) (iu) convulsions 
(iv) circulatory failure (v) haemorrhage (vi) asphyxia (vu) the colics 
(vui) sudden insanity (tx) sulphonamjdes and penicillin (x) miscellaneous 
emergencies Index 

Medical emergencies, as opposed to surgical emergencies, may 
be relatively uncommon, but when they do occur, they demand 
immediate treatment In addition, they are liable to occur 
without any warning This combination of factors means that 
the practitioner often finds it difficult to deal adequately with 
the emergency when it arises As an aid to him under these 
circumstances this book can be thoroughly recommended All 
the more usual emergencies are dealt with under the headings 
of poisoning, coma, convulsions, circulatory failure, haemorr- 
hage, asphyxia, the colics, sudden insanity, sulphonamides and 
penicillin and miscellaneous emergencies In preparing this 
new edition considerable revision has been undertaken 
Treatment even of an emergency, can seldom be standardized 
and Dr Newman forestalls criticism by his statement that he 
has merely given those that he feels to be the best and 

simplest without alternatives, in order to give definite 
advice to those who seek it ” Even so, it is impossible entirely 
to withhold criticism of some of his methods For instance, in 
the treatment of barbiturate poisoning all that is said m favour 
of treatment with picrotoxin is that it is justifiable ’ , while m 
the treatment of diabetic (hyperglycaemic) coma, there is 
insufficient stress upon the necessity for the administration of 
adequate amounts of insulin As is probably inevitable, the 
section on the sulphonamides and penicillin is out of date, but 
statements such as the essential treatment of lobar pneumonia 
is the administration of sulphamlamide and penicillin might 
well have been deleted in the final stages of proof-reading The 
list of conditions dealt with is extensive if not exhaustive but 
Cheyne-Stokes respiration is a curious omission In a book 
such as this an adequate index is essential, and in future editions 
this might be amplified , for instance, there is no reference under 
coma ” to diabetes or hyperglycaemia For a book which 
may well have a considerable circulation outside Great Britain 
it is disturbing to find the officially discarded drachm still 
used, while when dosage is given m the imperial system no 
equivalent in the metric system is provided 

On the whole however, this is a useful practical book which 
the practitioner will find most helpful in dealing with medical 
emergencies 
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Rare Diseases and some Debatable Subjects 
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Dr Parkes Weber believes that further progress m medical 
knowledge will largely be due to the study of rare diseases 
and syndromes ’ Probably many doctors share his opinion 
if one judges from the number of publications of rare and 
unusual cases in the periodicals The authors name is 
closely associated with several of the rare diseases either by first 
important contributions towards identifying a disease (e g the 
Sturge-Kalischer or Sturge-Weber disease) or by furthering the 
understanding of an already established syndrome (e g various 
forms of calcinoses etc) In this small volume divided into 
31 chapters, cases of a variety of rare syndromes and diseases, 
thoughts and opinions on debated medical subjects are presented 
all of which have been published at one time or another in 
journals The book does not present a systematic study, but 
might almost be called collected papers The chapters are 
devoted mostly to climcal details ot the authors ov.n patients 
and it is regrettable that pathological findings which might 
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have made for a better understanding of many cases, are available 
in relatively few instances The reader will find also the 
description of some curiosities, e g how the natives of New 
Guinea produce “experimentally” the “boar’s tusk ring 
money ” Freudian psychology and the problem of euthanasia 
are admittedly debatable subjects, but one wonders a little how 
epigrams on fire-bombs, which were “ smothered with sand ” 
by either doctors or porters, found their way into a book on rare 
diseases 

G P 
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The Vitamins in Medicine 


Fraikhn Bicktiell &• Frederick Prescott second edition 
LONDON WILLIAM HE1NEMANN (MEDICAL BOOKS) LTD mi 
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(i) Vitamin A (the anuxerophthalmic or anti infective vitamin , axeroptol) , 
(ii) the vitamin B complex , (m) vitamin B, (aneunn , thiamin) , (iv) riboflavin 
flactoflavin) , (v) nicotinic acid (macin) , (vi) vitamin C (ascorbic acid) 
(vn) vitamin D (the antirachitic or calcifying vitamin) , (vw) vitamin E (the 
antistenlity or antidystrophic vitamin , alpha beta or gamma locopherol) 
(ix) the unsatorated fatty acids and minor fat soluble vitamins , (x) vitamin K 
(xi) vitamin P Index 


The second edition of this invaluable book, published some 
four years after the first, is a tnbute alike to the authors, to the 
publishers, and to the vitamins The rapidity with wmen 
knowledge is growing has necessitated an increase in size from 
650 to 900 pages, and opportunity has been taken at the same 
time to increase the number of figures from 120 to 208 There 
has been extensive revision of many chapters and tables and a 
new chapter on the essential unsaturated fatty acids and minor 
fat-soluble vitamins has been added 
The book contains far more than its title indicates The 
chapter for each of the vitamins, which are dealt with in alpha- 
betical order, begins with a brief historical account of the history 
of the vitamin up to its isolation, identification and synthesis 
This is followed by a discussion of the chemical properties, 
methods of estimation and its distribution in foodstuffs The 
food-tables which complete this part are each compiled from 
a number of original sources and represent the best information 
available The next section deals in detail, and m most cases 
admirably, with the biochemistry and physiology of the vitamin 
— the section for ascorbic acid, for example, contains some 40 
pages — and is followed by a discussion of human requirements 
and the many factors which modify them The later part of 
each chapter deals with the specific deficiency disorder, and 
associated conditions, with laboratory tests for detecUng 
deficiencies, with treatment, and finally with the often unduly 
and unjustifiably large number of conditions in which treatment 
with a specific vitamin has been claimed to be successful 
While wondering at the immense amount of work that has 
gone into the production of this book— it contains 4,500 
references — one cannot pretend that all the original papers 
referred to have been dealt with very critically or that the authors 
have been uniformly successful m their presentation of material 
With the sections devoted to the vitamin-deficiency disorders 
there can be no fault to find, and the photographs illustrating 
them are not only among the best we have seen, but are beautifully 
reproduced On the other hand, for example, the discussion 
of the part played by thiamin, riboflavin and nicotinic acid in 
the enzyme systems of which they form essential parts is m 
several respects misleading The evidence upon which adenylic 
acid is included as a vitamin is somewhat tenuous even for the 
pigeon, and there are one or two papers to which reference might 
have been made in the section on ascorbic acid A personal 
criticism is the continued use of vitamin B l for thiamin and of 
vitamin C for ascorbic acid „ , , 

It is however, ungenerous to look for small faults in what 
is undoubtedly the best and most comprehensive account of the 
vitamins in their relation to medicine in the English language 
Anyone who has a copy of this hook will find himself, like the 
reviewer, referring to it more and more He will also find — like 
the reviewer— that the information he seeks, together with 
references to several original papers bearing upon the point, 
will be easy to find m Bicknell & Prescott 
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The X-Ray Treatment of Accessible Cancer 

D Waldron S withers I o\’DON, i dward arkcii n * m 

Ull^GLV, 102 1L1 USTRATIONS ' 

(i) General principles of treatment of am-c.lM* , , 

•jS fLitss 

r ‘ i .£ ( . x) the * ray „ treatment of cancer made access ble by 

(xi) the treatment of lymphnode teetastases Appendix Sbloy?pby K’ 

Radiotherapy is still regarded by many in medical practice 
as the enfant terrible of modern medicine, and not without 
some justification In the control of unsuitable guardians this 
relatively young branch of medicine has made, and continues to 
make, serious mistakes In the bands of the trained radio- 
therapist, however, with a growing insight into the rationale of 
biological action, the infant is being tamed and can be depended 
upon to do his work, and not to commit the apparently capri 
cious indiscretions which were frequent m his early days These 
trends are emphasized in Dr Smithers' book, which is an attempt 
to show the success which can be achieved using modem 
apparatus, up-to-date physical knowledge, and recently developed 
methods of cytological investigation in association with perfected 
and ingenious technical methods 

The beautiful illustrations show clearly the type of case 
treated, and the descriptions of physical factors involved are 
clear and concise, but lacking m one important particular, viz 
the number of treatments given Thus is an omission which 
should be rectified m view of the importance likely to attach to 
this factor in fractional x-ray treatment (See Gray, L H 
(1944), Brit J Radial 17 , 327) The description of the x ray 
apparatus and applicators used is clear, concise and well 
illustrated, and the isodose curves produced by Mayneord 3nd 
his colleagues are clearly shown, with interesting combinations 
of the fields of the short-distance ar-ray beams Similar com- 
binations are not shown for other types of t-ray beam, although 
the use of the 200 kV beam m the treatment of mouth cancer 
from outside could be usefully illustrated in such a book The 
elegant devices for ensuring precision w treatment (the feat 
filter, moulds for positioning, and protection devices) deserve 
special mention, as does the emphasis placed on suitable records 
and their statistical treatment The cytological investigations 
referred to are of two types the differential cell-counts by tee 
Spear and Glucksmann school, and the chromosome breax 
investigations of Koller Their use is not clearly emphasized, 
however, and one differential count (Fig 39), which is obviously 
unfavourable, and yet seemed to be associated withafavouraoi 
clinical response, requires some modification of the gencr 
theory to produce the truth of the matter ... 

A short account of the action of radiation on malignant 
puts very clearly the salient points of recent discoveries oy 
and Catcheside, Mitchell, Casperson and Santesson, and Ko > 
which should be very useful to those unacquainted wtn 
work It is refreshing to find a statistical test of results in a 
of this nature, but it would be sounder to compare the eg 
of fractionated- with single-treatment results of skin &n 
the same rather than in different clmics The results wo 
show a significant difference, although the advantage 
Donation is not proved without tnals of other noses 
smgle-treatment method , . n an d 

The chapter on mouth cancer deals with 
important region too baefiy, and the arguments again t 1 ^ 
prophylactic treatment of lymph nodes are not cons, 
the view later expressed that “ when the primary gro j u j e 
treated by external radiation, fields should be r l( (-as 

likely sites of lymph node involvement ’ 

been said that consistency is the refuge of small minus lJje 
The book is a monograph rather than a Written, 

author is to be congratulated on a clearly within a 

well-illustrated presentation of the subject, alt hougn wi ^ 
limited framework, based on his own expcricnc ^ wll|C j, 
sound knowledge and insight into the difficult s ibj n( j 3(10 n 
he writes The publishers and printers also merit cowm ^ 
for the paper, type, illustrations and general format, 
to the pleasure experienced in its reading p £//,< 
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Films 

The Scientific Film Association 
and the Royal Society of Medicine 
hate been co-operating m the 
preparation of a reference cata- 
logue of all the films of medical 
interest in Great Britain 
Dr Stanford, who was in charge 
of this work, gnes below a brief 
account of how tt was done 
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MAKING A CATALOGUE OF 
MEDICAL FILMS 

BRIAN STANFORD, MRCS, DMR, FRPS 
Unul now a teacher of medicine m Britain wishing to use 
film has been unable to do so for lack of a unified catalogue 
listing the films available and suitable for his purpose 
A few collections have been listed by title, but the vast 
majority of films he unused because their existence is 
unknown The difficulty of obtaining suitable films has led 
many teachers to make their own, with various degrees of 
success , but when an insistent request has come forward 
to make a film from university funds, the decision to under- 
take production has often been impeded because of the 
possibility that a film on the subject might already exist 
A vicious circle thus exists by which films are either hot made, 
or not used if made, and a reference catalogue is seen to be 
essential to progress 

This state of affairs was so well recognized by the Medical 
Committee of the Scientific Film Association (SFA) that 
their first action after formation in 1943 was to publish an 
appeal in the journals for information on the location of 
films of medical interest. Rephes were collected and filed, 
but real cataloguing was held up for lack of adequate func^ 
A few months later it became known that the Royal Society 
of Medicine (RSM) was contemplating founding a library 
of medical films , and they too needed a catalogue to provide 
an estimate of the work likely to be involved It was quickly 
evident that co-operation was both feasible and desired, and 
in January 1945 a nominee of the SFA, working on SFA 
procedure and financed by the RSM, started work By 
March 1946 most of the films known to exist in Britain had 
been viewed and synopsized, and the material so collected 
is now being prepared for publication by the Association of 
Special Libraries and Information Bureaux (ASLIB) This 
catalogue will not, however, contain any description of the 
cataloguing-procedure, for a separate publication describing 
this is under consideration, but in the meanwhile the con- 
densed description which follows may prove useful to other 
countries contemplating the preparation of a similar catalogue 

Data to be Collected 

A mere hst of Utles obtained from written rephes to a 
circular is not satisfactory In the first place, the title so 
given is, in about 40% of the cases, not the same as the title 
on the film, which leads to much confusion, and secondly the 
title alone gives no indication of the content of the film 
for example “ Hypertrophic pyloric stenosis ’ may be a 
record of visible gastric peristalsis in an infant, or a demon- 
stration of the method of administering Eumydrm, or a 
record of an operahon for the condition, and so on. Also a 
written synopsis of the content of the film is desirable, because 
the film, unlike a book, cannot be flicked through and 


an impression of its usefulness gained at a short glance 

Yet even this synopsis is not sufficient , an objective 
summary of what the film shows can give no indication of 
whether it shows it clearly or badly, whether the demon- 
strator s hand obscures vital sequences, whether the camera 
is too far away to show plainly the features it is recording, 
whether the facts are correct but their sequence of presenta- 
tion confusing, and so on So a written criticism of the 
teaching value of the film, prepared by a panel competent to 
pass judgment, is essential to a complete film catalogue , 
this is the “ Appraisal ” The catalogue will also list the 
length of the film , its gauge , whether sound or silent, 
colour or monochrome, copy or original , and where it can 
be obtained With all this information to be obtained of 
necessity for each film, it is reasonable at the same tune to 
record the authority who made the film, the photographer, 
and similar details (the “ credits ’) , and it is valuable to 
note the methods and techniques employed in making the 
film 

All this information is useful to the teacher who is seeking 
to select the film most appropriate to his needs from the 
catalogue listing perhaps four or five titles which might be 
suitable If he is enabled to narrow his choice to only two, 
he has saved much time , and the film library can reduce 
needless circulation of films which have by nature a limited 
projectable life Cataloguing scientific films is therefore a 
big undertaking if performed properly, but once done the 
work stands for all time, and is added to as new films appear 

Staff and Equipment 

It was thought essential that the viewmg of each film be 
done by a medical man, for only he can interpret the signifi- 
cance of the actions portrayed, or use the correct technical 
terms in writing the summary This medically-qualified viewer 
was employed full-time on the project In order to make the 
most intensive use of his specialized knowledge, it was found 
necessary to give him as assistants a secretary-stenographer, 
a copy-typist, and a general assistant who was trained to 
operate the projector, to inspect, repair, pack and despatch 
films, and to act as messenger and filing-clerk A 16 mm 
silent projector was placed at his sole disposal, and a sound 
machine was available when necessary The silent machine 
was fitted with variable speed control (most of the viewmg, 
even of silent films, was done at 24 frames/sec ), and reverse- 
and stop-mechamsms, the latter especially being needed for 
noting title, technical adviser, and other credits The sound 
machine was not used routmely for silent films, firstly because 
many films were m bad condition and would not project 
satisfactorily on a machine havmg only one fine of sprockets, 
and secondly because the lamp was overheated if the machine 
was used at 16 frames/sec for long intervals 

Viewing 

Viewing was mostly done in a s mall room, on a screen 
12 x 16 inches [30 N ' 40 cm ], with a low level of general 
room-illumination In this way an extremely bright image 
was viewed from a few feet away, with enough local fight to 
take notes while the film was running This was essenUal, 
for a synopsis written from memory after the film has finished 
is not satisfactory With a little practice it becomes easy to 
look down at the note pad on one’s knees and to write while 
the film is in progress without missing essential steps 
stopping the film for each note to be written would be 
tedious To these rough manuscript notes were added a 
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comment on the quality and value of the film, and an arbitrary 
grading of merit 1— excellent, 2— useful, 3— possibly 
usable, and 4 — useless 

This grading and comment was used later in compiling 
programmes for the Appraisal Panels , these were presented 
with one film from each group — 1, 2 and 3 — so procuring 
balanced opinions , the films in group 4 were to be left until 
the mam work was covered The personal opinion and 
grading were made for the use of the cataloguer only and were 
never mtended for publication in any form , but the value 
of these comments became evident later when the work on 
the catalogue became known, and frequent requests for 
assistance m programme-compilation were received Here 
the cataloguer’s comments, unauthoritative though they 
were, were found to be of great value, a point which 
emphasizes the need for authoritative appraisals m film 
catalogues 

Compiling the Records 

The manuscript notes were transferred m typescript to 
the back of a standard form, which was then filed alpha- 
betically In addition, other cross-references were compiled , 
the film-titles were listed m numerical order, and were listed 
under subject headings (for instance, a film on congenital 
torticollis would be entered under Obstetrics, Paediatrics, 
and Orthopaedics) , the medical man responsible for making 
the film was allocated a filing card and the title was put under 
his name As other films with which he was connected came 
for viewing, the titles were added to this card 

In addition to these obvious mdexes, two others were found 
essential a small card, 3x4 inches, on which was recorded 
the title of the film, and the stage of cataloguing that it had 
reached (i e existence known, but not traced , called for 
view , held for view , returned after viewing , and so on) , 
these were filed m alphabetical order and under no circum- 
stances allowed out of the filing cabinet the other was a 
card 6x9 inches, on which was recorded the title, odd notes 
about the film, where we had learnt of its existence (e g by 

word-of-mouth from Dr , from a review in a journal, 

etc ), and the dates on which it was sent for, viewed, returned 
to the owner, etc This card was filed according to the stage 
the film had reached in our cataloguing-procedure, so that 
we could see at a glance how many films had been sent for, 
how many held for viewing, how many known of but not yet 
sent for, and so on In this way a smooth flow of films was 


maintained , to the back of these cards were stuck anv 
reviews found published, or references to those reviews 

Tracing and Handling the Films 

The last-mentioned index card was made out as soon as 
we learnt of the existence of a film, whether by chance remark 
from a colleague, in a letter accompanying some other film, 
or from a published reference The source of information’ 
as has already been mentioned, was added In this way 
news of the existence of a film was recorded instantly, and 
the film itself could be traced at leisure The title was entered 
m pencil, for the title first heard was rarely the same as that 
on the film when it arrived This true title was typed on, and 
if the first-mentioned title was known to be widely used it 
was also filed on a separate card as a cross-reference to the 
true title This was often found necessary, for a film would 
be listed in two different catalogues with slightly different 
titles, and it became important to recognize whether they 
referred to two different films or were only variants of the 
same title 

The owner of the film was sent a form on which the purpose 
of the cataloguing was explained, and on which he was asked 
to give a few details about the film and to say whether he 
would be willing to lend it for viewing In practice this 
permission was not once refused, but it was important to 
remember at all times that the films were private property 
and lent as an act of courtesy , the voluntary nature of the 
scheme underlay all our actions The film was eventually 
sent for, and on arrival inspected, cleaned, and where 
necessary spliced before viewing We aimed, wherever 
possible, to return the film in better condition than it arrived , 
this was usually not difficult, for they often came in a neglected 
condition After viewing, they were rewound and returned 
by registered post, and a covering letter was sent separate y 
thanking the owner for the loan 

In this way some 1,200 titles were recorded in fifteen 
months, and 800 films were viewed and synopsized Appraisa 
was started according to the system evolved by the Scienti c 
Film Association, but only one subject-group, 26 films on 
anaesthesia, was covered before the mam work of cataloguing 
was completed, and the information so far gathered P^ e P a ^ 
for publication Appraisal is being continued y 
Scientific Film Association, who have underta en 
responsibility of keeping the catalogue up-to-date. 


Films 

MORE FILMS FROM THE INSTiTUT 
PASTEUR, PARIS 
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M Pierre de Fonbrune, who showed last January, under the 
auspices of the BnUsh Council, some of the cmemicrographic 
films made by M Comandon and himself at the Institut Pasteur 
m Pans gave two further demonstrations at the Bntish Council 
Film Theatre on Monday, 15 July Four of the films were 
reviewed in an earlier number of the Bulletin (BMB 812) 
Reviews of three more are given here Applications for the loan 
of any of these films should be made to Cinematographic 
Attache, French Embassy, London 


I CARYOCINESE 

The film is chiefly devoted to karyokinesis in the mother 

iroducing erythrocytes in the Triton Abund f jQ lhe 
;everal months of starvation produces active gro in ^ of 
laemopoietic as well as other tissues, making on th- 
atching the cells when they divide By be ■ P na anc | the 

rells are immobilized, and chromosomes, ini trate( j 
otaUon of the nucleus before division are demo r c mterest 
The movement is speeded up, and it 1S °^°° s ross the field 
o notice lively movement of leucocytes dancing < ^ shovvn 

Nuclear division in a small amoeba, acantha . resu j; S to 

This film probably represents i the best po*jrt>‘‘ comcvS , as 
>e obtained by these methods of photography, anti it 0 f 

inly the film can, a vivid over-all impression forjhcj ^ 

his fundamental event of fife, L c ord forcloscstud 

letaals of the event, otherwise difficult to record, io 

t leisure 
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2 AMOEBA VERRUCOSA 

The amoeba is seen engulfing long particles of alga The alga 
is seized and actively pulled into the amoeba — which answers 
an old problem as to whether the food of the amoeba penetrated 
into it by passive physical means The long piece of alga is 
engulfed and coiled up in the amoeba, but this coiled-up strip is 
under tension and someumes it comes undone and bursts the 
amoeba open The damage is, however, rapidly repaired, and 
the amoeba soon starts eating again 


3 PHAGOCYTOSE 

This film shows speeded up photography of blood Attention 
is given chiefly to the polymorphs Then amoeboid movements 
are shown, and by a lower-power view their active travelling 
about is demonstrated By the use of a special micropipette, two 
sorts of bactena are introduced, and the leucocytes gather round 
and dispose of them 

A closer analysis of the differential phagocytosis of different 
organisms would be possible by this method and would be of 
considerable interest 

The monocyte is not demonstrated, but some lymphocytes 
come casually into the field, and they show mobthty and active 
contractile movements of the nucleus These are important 
demonstrations for it has been considered that the lymphocyte 
is immobile, and that the lobulated lymphocytes seen in lymphatic 
leukaemia are essentially abnormal forms 

The film would be of considerable value for teaching and it 
is to be hoped that the Institut Pasteur will make it (and the 
other films) available to UNESCO for circulation throughout 
the world 

Ronald MacKeith 
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HEALTH EDUCATION FILMS 
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Your Children’s Ears 

made by Realist Film Unit, 1945 , owned and produced by the 
Central Office of Information for the Ministry of Health, m 
co-operation with the Central Council for Health Education , 
16 mm sound, 540 ft (160 m ) , 35 mm sound, 1,340 ft (400 m ) , 
black and white , 15 minutes 

This is one of a senes of health films designed mainly to 
instil into parents the need for obtaining medical advice about 
certain childish ailments or infirmities at an early stage 
The film shows, by means of diagrams the mechanism of 
hearing and how this can be interfered with by neglect of what 
appear to be comparatively tnvial matters The diagrams are 
clear and explain in a straightforward simple manner how the 
complicated ear works 

The films would not only be suitable for showing to audiences 
at Maternity and Child Welfare Clinics and Women s Institutes, 
but might with some advantage be shown to medical students 
when they are working on this subject 
The principal message, that one should seek medical advice for 
all ailments of the ear or the throat, is well emphasized and the 
film should be a popular addition to any health demonstration 

Amulree 
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Your Children’s Eyes 

made by Realist Film Unit, 1945 , owned and produced by the 
Central Office of Information for the Ministry of Health, m co- 
operation with the Central Council for Health Education , 16 mm. 
soimd, 690 ft (210 m ) , 35 mm sound, 1,710 ft (510 m ) , black 
and white , 19 minutes 


This film opens with a number of shots showing how children 
with indifferent sight arc handicapped at school and in their 
normal life It emphasizes the need for parents to seek medical 
advice for their children if they are in any doubt whether they 
can see properly A number of shots are given showing the good 
effect of glasses on defective eyes The film also explains, by 
a series of simple diagrams, the mechanics of the common squint, 
and conveys this information in a way which although simple, 
could be usefully employed in the training of medical students 
and others interested in ophthalmics The proper correction of 
tins defect by means of appropriate lenses is explained simply by 
means of diagrams The commentary is well done and the 
photography is, generally speaking good 
This film should serve a valuable purpose in explaining in 
simple terms the structure, function and common defects of eyes 
and should encourage mothers to take their children promptly 
to hospital if they suspect their vision is not perfect 

Amulree 
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Your Children’s Teeth 

made by Realist Film Unit, 1945 , owned and produced by the 
Central Office of Information for the Ministry of Health, in 
co-operation with the Central Council for Health Education , 
16 mm sound, 500 ft (150 m ) , 35 mm sound, 1,260 ft (380 m ) , 
black and white , 14 minutes 

The importance of early regular and frequent visits to the 
dentist is the main message of this film 
The eruption of the milk and permanent teeth is shown by 
means of diagrams and the process by which decay is set up is 
well shown by means of animated cartoons Practical instruction 
on the proper way to brush the teeth is given and the film could 
usefully be shown to any audience of parents or children 
The method of cleaning the teeth by a rotary movement 
always seems to make that operation rather more difficult than 
it need be, and it seems a pity to exclude the more straightforward 
ways of handling the toothbrush 
The photography is good and the diagrams are clear 

Amulree 
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The Microscope 

made and owned by Realist Film Unit, 1945 , 16 mm sound< 
410 ft (120 m.) , 35 mm sound, 1,040 ft (310 m ) , black and 
white , 11 minutes 

The compound microscope is used extensively by pupils in 
senior schools and umversiUes, yet it is exceptional for them to 
be given clear instruction in its use when first they meet it This 
film provides much of that necessary introduction It is divided 
mto three parts spaced by blank film so that the teacher may 
stop at each stage to answer questions and teaching notes and 
a wall chart (which appears in the film) are provided as an 
integral part of the visual unit The first part of the film demon- 
strates the mechanical and optical components (nosepiece 
drawtube, stage, condensor objective, eyepiece) and the lighting 
unit (lamphouse bulb, ins, filter-holder) The second part shows 
how to set up the microscope for observation, and advocates 
a definite routine by which the object is first focussed while illumi- 
nated by simple transmitted light, and then the plane of the illumi- 
nator ins is focussed by the sub-stage condensor mto the plane of 
the object. The stages of the manipulation needed are clearlv 
shown and the proper use of sub-stage and lamp-source inses 
Part three is devoted to the adjustment of the high-power 
objective Here the value of accurate focussing of the sub-stage 
condensor advocated in part two is reinforced, for the focussing 
is done on the aerial image of the illuminant instead of on the 
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FIG 1 FOCUSSING THE CONDENSER 

When the pencil image is in sharp focus the 
image of the lamphouse opening Is m the 
p ane of the slide This gives maximum 
illumination 




FIG 2 HIGH POWER FOCUSSING 

The image of a pencil moved in front of the 
light source is easy to locate even with 
objectives of very small depth of focus 
When it is brought into sharp focus the 
image of the specimen flashes into view 



object , this is easily achieved by moving a pencil-pomt in the 
plane of the illuminator ms Once this is picked up the real 
object will be seen, and only minor adjustment of the fine focus 
is needed In this way damage to the slide (and the objective) by 
accidental rapid passage through the plane of focus is avoided 

This is an essentially elementary introduction — dark-ground 
and oil-immersion techniques are not mentioned — which will be 
widely welcomed in all biology training centres, for the informa- 
tion is clearly and accurately presented But it may be regretted 
that the construction of an objective is demonstrated by taking 
one to pieces, for thus is a manoeuvre that should not be 
encouraged, and a lens shown m section would have done just 
as well , while a demonstration of the amazing precision of the 
fine-focus adjustment mechanism could well have been included 

Brian Stanford 
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It began on the Clyde 

made by Greenpark Production, 1945 , owned by the Central 
Office of Information for the Department of Health for Scotland , 
16 mm sound, 540 ft. (160 m ) , 35 mm sound, 1,350 ft. (400 m ) , 
black and white , 15 minutes 

At the outbreak of war in 1939 the hospital services of Britain 
were completely reorganized and large numbers of new hospitals 
established outside the cities to treat the expected war casualties 
from both civilian and military sources , fortunately these 
facilities were not immediately needed, but much skilled staff 
was kept idle as a result By 1941 black-out conditions were 
beginning to be reflected m an increased incidence of minor 
disorders among factory workers, and the depleted civilian 


medical service was unable to devote the urae required for 
reassuring each of these patrents Glasgow decided that as an 
experiment a few such patients should be admitted at their doctor s 
request into the almost empty Emergency Medical Service(E.M > / 
hospitals, at least until such time as direct war casualties arm ea 
in greater numbers This film shows how the scheme was con 
ceived and worked, and follows the treatment of one patient 
admitted to an E M S hospital Here he is investigated to see 
whether his apparently nervous symptoms have any organ* 
basis, he is given appropriate physiotherapy, good ioofl an 
plenty of rest m country surroundings Under this tegitot 
symptoms subside and he returns to work This pilot sene 
worked so well that later it was extended to include svra 
cases from the hospital waiting-lists in addition to these pro 
patients referred by local doctors This step also pro*' , 
worth, and the Department of Health for Scotland then app 
the Clyde Basin Scheme, as this pilot system had (ome 
called, to the whole E M S of Scotland The film en “ 
plea that although this method of treating town f P?M re « of 
country surroundings was successfully started under uk » 
war, reversion to peace-time Conditions must not allow i ) 

To^some extent this film fails to carry conviction, partly hccau^ 
we cannot remember that conditions were as b30 t 

depicted here, and partly because the Ie ^,^|,^ c f of . the ffl onth 
But the film, which has been used as one of the films o 3tc( j 
by the Ministry of Information, should be widely PP f - of t, 
m these mechanistic times for the strong case it puts mDorl3 nt 
attractive food, and pleasant surroundings are just 
as druas and surgery in helping to cure a sick man 

Brian Stanford 
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Guide to the Journals 

Annals of Eugenics 
13 August 1946 

Familial data on 144 cases of anencephaly, spina bifida and congenital hjdro 
ccphaly (L. S Penrose) 73-98 

Blood^group frequences in New Zealand and Maori soldiers. (E J Godley) 

A serological and genctical study of multiple antibodies formed in response to 
blood transfusion by a patient with lupus erythematosus diffusu* 
(S T Callender & R. R. Race) 103-117 
Scores for ranked data m school examination practice (F Sandon) 118-121 
The curaulants of the distribution of Fisher's u a and u,. scores used in 
the detection and estimation of linkage in man (J B S Haldane) 122-134 
Pedigree of nystagmus, myopia and congenital eye defects with mental deficiency 
a S, McGregor) 135-140 

On the familial appearances of maternal and foetal incompatibility (L.S Penrose) 
141-145 

Genctical antigenic incompatibility as a possible cause of the toxaemias occurring 
late in pregnancy (H. Kalmus) 146-149 
The Stung of gene frequencies to data on rhesus reactions (R. A Fisher) 150-155 
Microspermia in an individual from a family of unusually high sex ratio and low 
fertility (H. Hams) 156-159 

Annals of the Rheumatic Diseases 
5 March 1946 

The nature of fibrositis II A study of the causation of the myalgic lesion 
(rheumatic, traumatic, infective) (M Kelly) 69-77 
Weltmann coagulation reaction m rheumatoid arthnus (O Lucchesi M Lucchesi 
& S Bafiome) 78-82 

The formal gel test on plasma and scrum in rheumatic cases Correlation 
studies and a suggestion that non rouleaux forming pathological globulins 
may be of significance m rheuma tism. (H. J Gibson & R M Pitt) 83-87 
Necrobiohc nodules of rheumatoid arthritis type with lipoid deposition 
(E. Fletcher) 88-95 

Fibrositis and 0-dicthylaminoethyl dehydrocholatc (H Coke) 96-98 
The cold reaction test for peripheral vasomotor disturbances m rheumatism 
(A. Woodmansey) 99-102 

Ankylosing spondylitis Renew (W Tegner) 103-104 

Annals of Tropical Medicine and Parasitology 
40 July 1946 

Taxonomy of the Ethiopian sandflies ( Phlebotomus ) IL Keys for the idcntifica 
don of the Ethiopian species. (R. Kirk & D J Lewis) 117-129 
Ihe experimental infection of rats with Entamoeba histolytica with a method 
i ^.evaluating the anti-amoebic properties of new compounds (W R Jones) 
130-140 

Saliva don by Glossbia mar si tans on to glass slides a technique for isolating 
infected flies. (E. BurU) 141-144 

btudies on synthetic antimalanal drugs. XVI The absorption, distribution and 
excretion of 2 p-chIorophenylguamdino*4-8-dicthylammoethylamino-6-mcihyl 
Pi’P^dmc (3349) in experimental animals (A. Spinks &. hL M. Tottey) 
145-152 

Studies on synthetic antimalanal drugs XVIL The absorption distnbution and 
excretion of Ni p-chlorophenyl N 4 -methyl Npisopropylbiguamdc (4430) in 
experimental a n i m a l s and man. (A. Spinks) 153-162 
Some notes on the maintenance and breeding of schistosome vectors m Great 
Britain, with special reference to Planorbis guadaloupensis Sower by (S G 
Cowpcx) 163-170 

^ note on nomenclature and identity of the frog filana Foley ella leiperl 

(RaOUct, 1916) (S G Cowpcr) 171-172 
Mepaenne m a n i m a l tissues (Army Malana Research Umt Oxford) 173-180 
to? ieo 0a mc P acnnc m blood. (Army Malana Research Umt, Oxford) 
181—189 

Suppression of benign tertian malana with mepaenne an investigation of 247 
r . c ^ c t °I a PP 3rent failure (M Brown S.J L Rcnmc) 190-198 
1^?2M aetibohaa « bovine trypanosomiasis (F R.'Bell&E R. Jones) 

for collecting blood sucking mites (D S Bertram) 209-214 
rrolonged oral administration of mepaenne HI The dim cal effects in women. 
—VAnny Malana Research Umt, Oxford) 215-218 

maintenance of a colony of Phlebotomus papatasii in Great Britain 
IK. Unsworth & R M Gordon) 219-227 
The biology and mai n te n ance of Lipomssus bacon Hirst, 1913 and an investiga 
non into it a role as a vector of Lstomosoidcs cannil to cotton rats and white 
rrN 5 ^osetber W1 *b some observations on the infection in the white rats 
(D S Bertram K. Unsworth & R M Gordon) 228-254 
interference with the trypanocidal action of y-fp-arscnosophenyl) butyric aad by 
p- amino benzoic aad. (J Williamson &. E M Loune) 255-264 
Archives of Disease in Childhood 
D , 21 June 1946 

Pulmonary agenesis and hypoplasia (C E. Field) 61-75 
A fatal case of ben ben m a child in England. (E. C Alhbonc &.H.S Baar) 76-87 
remcuun and sulpho n amid es m the treatment of infections m infancy (E. C R. 
Coupcr) 88-97 

98^1 q^ o1osiC3 1 °f allergic skin reactions m childhood (B Woodhead) 

^sunstics of prematunty A plea for standardization. (J L. Henderson) 
Mdnutnuon in children under three years of age* in Ashanti West Africa. 

(B A. S Russell) 110-112 

The incidence of congenital p> lone stenosis (G Davison) 113-114 
Dental fluorons (H. Sainsbury) 115-1 17 
Pyocolpos m infancy (I P Todd) 118-119 

Biochemical Journal 
Partial Index 

r - , 40 1946 

^^UtuUon and fungistatic action of organic sulphur compounds 
(W H. Davies & W A Sexton) 331-334 
aiuaics in penicillin production by PenSctUiwn rotation in surface culture 


1 A preliminary study of the metabolism of carbon nitrogen sulphur and 
phosphorus (D J D Hockenhull) 337-343 
A method for the determination of fat in faeces (F S howweathcr &. W N 
Anderson) 350-351 

The solubilization of polvcychc aromatic hydrocarbons by purines (H Weil 
Malherbe) 351 363 

Effects of purines on fluorescent solutions (H Weil Malherbe) 363-368 
The influence of biotin upon the relattvc lipotropic effects of choline and inositol 
(C H Best C C Lucas J M Patterson & J H Ridout) 368-373 
The antagonism of some anumalanal drugs by riboflavin (J Madinaveitta) 
373-375 

The isolaUon of pregnane 3(a)-oI 20-one from the hydrolysis products of sodium 
pregaanediol glucuromdate (G F Marnan & N Gough) 376-380 
The inhibition of urease and succtnoxidase by metabolic products of p-dimelhyl 
aminoazobcnzcnc and by some related amines (L A. Elson &. C Hoch Ligeti) 
380-391 

The calcium and nitrogen content of human bone tissue cleaned by raicro- 
dusecuon (S L Baker E C Butterworth &. F A. Langley) 391-396 
The cerimetnc determination of glucuronic aad using the Conway burette 
(G A Lewy) 396-100 

The recognition of material present in horse muscle affecting the formation of 
a toxin by a strain of Clostridium nelchii (H J Rogers & B C J G Knight) 
400-406 

The metabolism of sulphapyndine in the rabbit. (H G Bray F C Neale & 
W V Thorpe) 406—413 

A note on the cenmetnc determination of blood glucose (R H Nimmo-Smith) 
414 

Effect of mastication on the ascorbic acid content of raw vegetables (G N 
Jenkins) 415-419 

The tryptophanase tryptophan reaction 7 Further evidence regarding the 
mechanism of the enzymic degradation of tryptophan to indole criticism of 
the theory that /3-o-ammophenylacetaldehyde is the indole forming inter- 
mediate (J W Baker F C Happold A N Walker) 420-426 
Comparative microbiological assays of members of the vitamin B complex m 
yeast and liver extracts (W B Emery N McLeod &. F A Robinson) 
426-432 

The sedimentation constant of insulin (H Gutfreund & A G Ogston) 432-434 

Brain 

69 March 1946 

The somatic receiving area in the brain of the Shetland pony (E D Adrian) 1-8 
The clinical signs of meningeal irritation (J E A. O Connell) 9-21 
The dc\elopment of the substantia nigra (ERA Cooper) 22-33 
The development of the human red nucleus and corpus striatum (E R. A Cooper) 
34-44 

Accessory optic tracts m the human foetus (E R. A. Cooper) 45—49 
The development of the nuclei of the oculomotor and trochlear nerves (somatic 
efferent column) (ERA. Cooper) 50-57 
Neurology and psychiatry Their common problems (A Paterson) 58-69 

British Dental Journal 
81 19/7/46 

Solitary bone cysts in the mandible (M A. Rushton) 37—49 

Oral penicillin indications and limitations (A. B MacGregor) 49-51 

81 2/8/46 

The application to civilian practice of some dental lessons of the last war 
(J T Wood, R A Broderick IMA Rushton) 73-81 

81 16/8/46 

The application to civilian practice of some dental lessons of the last wax 
(W Harvey) 111-122 

Kos t ec ka s operation for the correction of mandibular prog n athis m . (C B Henry) 
123-124 

My visit to the Jomt Convention of the Canadian and Ontario Dental Associa- 
tions May 24-30 1946 (E J Clokc) 125 

British Heart Journal 
8 July 1946 

The action of magnesium on the heart. (P SzekeJy) 115-124 
Ruptured congenital aneurysm of the posterior sinus of Valsalva. (R. N Hcrson &. 
M Symons) 125-129 

Healed dissecting aneurysm. (M. Cassidy & J Pinmger) 130-140 
Silent dissection of the aorta. (J Hoskrn &, F Gardner) 141-146 
The genesis of the normal electrocardiogram. (A. Hill) 147-156 
Heart vector and leads (H. C Burger & J B van Milaan) 157-161 
The heart in sternal depression. (W Evans) 162-170 

British Journal of Dermatology and Syphilis 
58 May-June 1946 

Prospect and retrospect Lecture I (H MacCormac) 97-1 1 1 
Erythema gyratum perstans (Colcott Fox) a case report, with discussion on 
relations with erythema ccntnfugum annulare (Darier) and dermatitis herpeti- 
formis (R Klaber) 111-121 

Lupus erythematosus treatment with penicillin (D Stone) 122-123 

58 July-August 1946 

Prospect and retrospect. Lecture H. (H MacCormac) 147-160 
Recurrent aphthous ulceration of oral mucous membrane and genitals associated 
with recurrent hypopyon intis (Behcet s syndrome) Report of three cases 
(L Katzenellcnbogcn) 161-172 

Myxoedema circumscriptum thyrotoxicum (E L Cohen) 173-182 
Dermatology m B L.A (F F Helher) 183-192 

British Journal of Experimental Pathology 
27 June 1946 

Comparison of the tumours produced by 2 acetyl annno-fluorene in p.cbald and 
W is tar rats. (F Bielschowsky) 135-1 j9 

Investigation into the production of bactenosta tic substances by fungi. Preliminary 
ex a mi n ation of the fifth 100 species all basidiomy ccies mostly of the wood- 
destroying type. (W H. Y» flkins) 140-142 
Shope papilloma and sheep dermatitis m the rabbit mutual interfer ence, 
supe nn f c c tion and effects of chemical pre-treatment of the slnn. (F R. Selb.e) 
143-154 

The effect of feeding caronogemc hydrocarbons dissolved in aqueous soap 
solution on the stomach of CBA mice. (S Beck) 155-157 
Renal effects of protein-deficient vegetable diets a functional -ind histological 
study (S E. Dicker H Heller &T F Hewer) 158-169 
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Observations on the acidophil cell changes in the pituitary m thyroxine deficiency 
states I Acidophil degranulation In relation to goitrogenic agents and 
cxtrathyroidal thyroxine synthesis (H D Purves &\V E Griesbach) 170-179 
the influence of methylallon on carcinogenic activity 1 N methyl 3 4 5 6 
dibenzcarbazole (A H M Kirby & P R Peacock) 179-189 

/i? ^ o UJ iur 3 ^i n0 ® e ? mn^Su! 9 * evaluation of a simplified method of estimation 
(N F Maclagan) 190-200 

Some observations on the blood clotting mechanism The role of fibrinogen 
PiIKf T G^Prumy) 20O-2U ° f C ° n8en,tal afiht ‘ no ^"“em. U (J L 

British Journal of Industrial Medicine 
3 July 1946 

Manganese pneumonitis (T A L Davies) 111-135 

The disappearance of sulpbemoglobm from the blood of TNT workers m relation 
to the dynamics of red cell destrucUon (E M Jope) 136-142 
Effects of heat on wireless telegraphy operators hearing and recording morse 
messages (N H Mackworth) 143-158 

A Druett) 159 St 166 y!l1S Vlbratl0ns ltansmiUe< i to the hands (J N Agate & H A 

Raynaud’s phenomenon tn grinders of small metal castings A clinical and 
experimental study (J N Agate, H A Druett&J B L Tombleson) 167-174 
A report of three cases of accidental poisoning by sodium tellurite (J H H 
Keall, N H Martin & R E Tunbridge) 175-176 
-Some toxic effects of vanadium pemoxide (H Wyers) 177-182 
Toxic manifestations of osmium tetroxidc (A I G McLaughlin, R Milton & 
K M A Perry) 183-186 

An apparatus for the maintenance of a carbon dust cloud of constant concentra- 
tion (H A Druett & J Me G Sowcrby) 187-193 

British Journal of Ophthalmology 
30 August 1946 

The perioptic atrophic ring and its relationships (R Pickard) 437-445 
-Arabian ophthalmology (W B I Pollock) 445-456 
Occupational therapy in eye wards (W O G Taylor) 456-461 
The use of contact corneal rings ” in X ray localization of intra ocular foreign 
bodies (J L Reis) 462-464 
A case of chondroma bulbi (A Ajo) 465-470 

The diagnostic and clinical value of some forms of retinal angiospasm (N Pines) 
470-476 

Report on a case of hydrophthalmia (buphthalmos) (E Epstein) 476-478 
An electrolysis apparatus devised far retinal detachments (G Gordon-Napier) 
478-485 

British Journal of Pharmacology and Chemotherapy 
1 March 1946 

Ailalgesic action of pethidine denvauves and related compounds (A D 
Macdonald, G Woolfe, F Bergel A L Morrison & H Rmderknecht) 4-14 
Chemotherapeutic action of dyes in typhus infection of mice (C H Andrewes 
H King & J Walker) 15-20 

Amidines, guanidines and adrenaline inactivation in the liver (G S Dawes) 
21-37 

Observations on the isolated phrenic nerve diaphragm preparation of the rat 
(E Btllbnng) 38-61 

The effect of ethanol, methanol, paraldehyde and acetone on the pressure of the 
cerebrospinal fluid of the dog (T H B Bedford) 62-64 
Chemotherapeutic action of amldine and phenanthndimum compounds in 
T congolense infections (R Wien) 65-80 

1 June 1946 

The variation in the toxicity of phosgene for stilall ahimals with the duration of 
exposure (E Boyland, F F McDonald &M J Rumens) 81-89 
Synthetic substitutes for qmnidme (G S Dawes) 90-112 
The assessment of analgesic activity m new synthetic drugs (R H Thorp) 
113-126 

Methyl thiouracil and thiouracd as antithyroid drugs (G E Glock) 127-134 
Automatic apparatus for pharmacological assays on isolated preparations 
(H O Schfid) 135-138 

Sulphonamides in the treatment of caecal coccidiosis of chickens (C Horton 
Smith &E Boyland) 139-152 

British Journal of Physical Medicine and Industrial Hygiene 
9 July- August 1946 

Acute arthritis m adults (G D Kersley) 98-100 

Physical methods in the treatment of so-called psychosomatic states (G Evans) 
100-104 

Physiotherapy in rheumatic diseases The choice of suitable methods at various 
stages (L Schmidt) 104-110 

Medical certificates for women in industry (H W Hills) 111-114 
Ttlie evaluation of actinotherapy (W Beaumont) US-118 

British Journal of Radiology 
19 August 1946 

The physicist in the radiodiagnosiic department (M H Jupe & L A W Kemp) 
301-313 

Calcium gluconate injection into muscle (J W McLaren) 314-317 
A simple and accurate method for the localization of intra ocular foreign bodies 
(G I Scott & P A Flood) 318-322 
' Mdk of calcium ” or limy ’bile (J A G F Rose) 323-325 
A note on radiography as an aid to beam direction in radiotherapy (H G Davies 
& M Halberstaedter) 326-328 

The effect of extra vitamin B feeding on rats exposed to weak gamma radiation 
(G M Scott) 329-332 , , v , 

The preparation of radiosulphur (S’*) and its determination in biological tracer 
experiments (T £ Batiks) 333—3)8 

Assessment of dosage from linear radium sources (R G Mitchell) 339-342 
A computor for X-ray Isodose curve production (3 H Martin) 343-346 
British Journal of Surgery 
34 July 1946 

The hazards of parachuting (P Essex Loprcsu) 1-13 
Inguinal hernia The unpredictable result (W J M Brandon) 13-18 
The surgical treatment of carcinoma of the oesophagus with special reference 
to a new operation for growths of the middle third (I Lewis) 18-31 
Chronic osteomyelitis, the sequel to a gunshot wound (G Perkins) 31-34 
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A further review of the interinnomino-abdoiruna! operation, based on 21 now J 
cases (G Gordon Taylor & D H Patey) 61-69 , 

A discussion on the treatment of injuries to the hand (F T Moore) 70-74 
Dislocation of the inferior radio-ulnar joint (J F Curr & W A Coe) 74-77 

of lhe nKk ofdMUl «^ 

13 /^ n l el ^, en w 0 ^i rotation producing volvulus A report of tuo earn 

tc c r Markby) 80-83 

Resection of the head of the pancreas (C A Panneit) 84-87 
Brodie s disease of the breast (D Aiken) 87-90 

British Medical Journal 
1 22/6/46 

Some aspects of chemistry related to medicine (R Robinson) 943-945 
Lumbo sacral root pain (J MacD Holmes & 0 R Sworn) 946-948 
Treatment of Sonne III bacillary dysentery and bacillary dysentery ( clintul I 
with phthalyl suiphathiazole (J Brodie, R P Cook C F Drysdale&D 0 
McIntosh) 948-950 

Bacteriology of stomach and duodenum w cases of peptic ulcer and jutnc 
carcinoma (M Barber & R H Franklin) 951-953 
Treatment of branchial cleft cysts by aspiration and utjecuon of pure catbcU 
acid (T F Jarman) 953-954 

1 29/6/46 

Typhus experiences in the Central Mediterranean Force I (H D Ciulltl 
977-980 

Duodenal ulceraUon a gastroscopic study of the gastric mucosa and its wiped 
significance (H Freeman) 980-982 

Theory and nomenclature of the Rh types, subtypes and genotypes (A 5. 

Wiener) 982-984 , J , , 

The Rh factor ana hepatomegaly and splenomegaly in children and adolescews 
(R J Drummond & A G Watkins) 984-986 
Tuberculosis in service men preliminary report (H C Mukerji) 987-98S 

2 6/7/46 f , . 

The evolution of clinical medicine as illustrated by the history of epdepiy 
(G Holmes) 1-4 ...i. 

Typhus experiences m the Central Mediterranean Force 11 rjpnusmm; 

and the Balkans (H D Chalke) 5-8 
Penicillin m treatment of severe diphtheria (R J Dodds) S-w ... 

A short survey of tnlene in general practice (A Barratt &S H B miuj 
Unduiant fever complicated by acute transient attacks of aphasia aad oenri 
convalescence by deafness, tinnitus, and paraesthesia (G J Dixon SK 

12-13 ^ 13/7/46 

Progress of aviation medicine in the Royal Ax Force and its application to i - 
problems of civil aviation (H E Whittingham) 39-45 U A F 

Inadequate feedmg in hospitals A study of contributory factors. I 
Stevenson, J Whittaker & R Kark) 45-47 . r.n.tM js -49 

The itchy patient (H MacCormac P H Sandffcr & A M JeUiff ) 

Tropical ulcers and penicillin (J G Webb) 49-50 cm, Amo) 51 

Angioblastoma of the breast complicating pregnancy (J u .*£? hoXuud) 5J-M 
Psychiatric cases referred by after-care officers in region 7 (t Boon™, 

2 20/7/46 

Total war on cancer (G F Stebbmg) 77-79 nnmsrilv fcepit) 

Some observations on liver function tests in diseases not p 
(A B Carter & N F Maclagan) 80-82 convalescent cenur 

Rheumatic fever in the R A.F Results of treatment at a 
(H S Barber) 83-84 

Erythroblastosis foctalis (M Venters) 84-85 .. 

Achromotnchia in tropical malnutrition (W Hughes) a D, nson ie, R K. A 
The conus medullaris syndrome in spinal contusion (la 
van Someren & J F Stokes) 87-88 95.95 

Cluneal pathology in the hospital surveys (S C Dyxej ?•> * 

A study of tbe onset and cyclic development of the sprue sy 

Surgery and the relapse rate of malaria (W ^ark) l 14—117 ^ j_ pj-'ja) 

Vinesthene anaesthesia for repair of hare bp and cleft paw 
117-119 


A case of polyneuritis due to gold (E J R r D^P Greaves) 120-lH 

A case of myiasis due to warble-fly larvae (A Smith i V r 



Cimps) IB 

2 . 3/8/46 

Medicine m transiuon (H Lett) 149-150 onhoea (R.Ch b*-'' ’ 
Problems arising from the use of pemcdlin in gonorrhoea 

W H Donald & M Murrell) 151-153 ,,., d by a case in t 

Individual resistance to malignant disease ■ ^L^t J^Vred in the 
metastatic deposit from n carcinoma of (! S 6 c br gSfi?m 153-155 
and led to perforation and peritonitis (M C . uiana / Bufki ti) 155-1/' 
Biliary peritonitis without demonslrablc ^rforanon fD 1 e 5u ce— 

Epidemic pleunucpam a 1 review of T7 cases in a military v 

(J Roche & F G Smiddy) 157-158 W r«ht *M Golden)! 3 

A case of human rabies in Sierra U:one (E J , n[trtl nocnU (A Sjde. 
Amenorrhoea at Stanley Camp, Hongkong during uw 

Some aspects or military otolaryngology (R B Lumsden) 167 

2 10/8/46 

Male infertility (T N A - r ^ £rcoa “|, I 1 ?^y 9 i rure ihral resection »“* ,iJ!k ' <5 
Treatment of carcinoma of the prostate by pe 
(H T Cox) 191-194 
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r The outbreak, of smallpox m Middlesex 1944 (W H Bradley J O F Davies Si 
J A Durante) 194-196 

A case of mercurial poisoning and its treatment (R H Ellis) 197 
The syndrome known as Reiter’s disease (A tnad of polyarthritis urethritis 
and conjunctivitis) (W P U Jackson) 197-199 

2 17/8/46 

The health of children in war umo day nurseries a report of an investigation by 
the Day Nurseries Committee of the Medical Women s Federation, in conjunction 
with W J Martin 217-221 

The aftermath of perforated peptic ulcer (W Houston) 221-223 
Meningitis due to a penicillin sensitive sulphonamide-insensiuve Pittman b 
strain of H influenzae recovery (C F Drysdale D G McIntosh 
J Brodie) 223-225 

Acute enteritis in subtropical climates (I MacGregor) 225-226 
Overdosage with bromides a report on 59 cases (£ C Dax) 226-227 

2 24/8/46 

A study of pephe ulcer (H Gainsborough & E Slater) 253-253 
Breast milk bank m maternity units (M D>nski Klein) 253-260 
Painful feet syndrome among prisoners of war in the Far East (J A Page) 
260-262 

Facial palsy accompanying acute mastoiditis with comments on chemotherapy 
m acute suppurative otitis media (k. R Ogilvie)263 
Treatment of pediculosis capitis with D D T emulsion (A D Frazer) 263-264 

2 31/8/46 

Tobacco and ulcer dyspepsia (R A Jamieson C F W Illrngw orth L L D W 
Scott) 287-2SS 

Electro-convulsion therapy in 301 patients in a general hospital (D E. Sands) 
2S9— 293 

Technique for the use of d tubocurannc chloride with balanced anaesthesia 
(T C. Gray & J Halton) 293-295 

Some uses of thrombin in the surgery of the car nose and throat (P Reading) 
295-296 

Staphylococcal spinal osteomy elms with acute extradural abscess (G Blackburn 
& R. P Jcpson) 297 

2 7/9/46 

Migraine and the sympathetic nervous pathways (G F Rowbotham) 319-322 
Crash helmets. (H Cairns) 322-323 

Penicillin in treatment of common external eye infections (J Minton) 324-326 
Hypersomnia associated with abnormal hunger the KIcinc-Levm syndrome 
(J Ronald) 326-327 

The xenopus pregnancy test (R F Milton) 328 

Giant urethral calculus in the female. (N C Lake) ->28-329 


Bulletin of Hjgiene 
21 June 1946 

Czechoslovak medical pubhea lions during the German occupation (J H 
Waclsch) 341-344 

Dental Record 

„ 66 August 1946 

Variations m response (K E Pnngle) 187-197 

Discovery and development of penicillin (E P Abraham) 197-200 

Some nineteenth-century incidents (J M Campbell) 200-208 


Edinburgh Medical Journal 
^ 53 May 1946 

uie progress of dermatology (G H Pcrcival) 209-221 
Anticoagulant therapy in thrombosis (J E Jorpes) 222-234 
Memngococcaemia. Part III Bacteriology serology and aetiology (W R 
Logan) 235-255 

The treatment of cholera by intravenous saline injections with particular 
reference to the contributions of Dr Thomas Aitchison Latta of Leith (1832) 
(E D W Greig) 256-263 
Obituary Ralph Stockman 264-267 


53 June 1946 

'’7^283^ patho,ogy ulcer and gastric carcinoma (J Morley) 

The use of isotopes in biology (J H Gaddum) 284-295 

^omc serological aspects of infectious mononucleosis with special reference to the 
°* a S£lutimn absorption tests m diagnosis (G Dempster) 296-310 
Studies on phagocytosis (J W Czekalowski) 311-324 
Darnel Whistler and his contribution to paediatrics (H P Tait) 325-330 


v 53 July 1946 

valedictory address on Can international disputes be settled without war — and 
will they "> (W J Stuart) 337-345 
ugation of the ductus arteriosus (A R Gilchnst) 346-354 
ratent ductus arteriosus and its surgical treatment (W Mercer) 355-359 
lutxnculosis under a national health service L A general review (J S Westwater) 
j oO-37Q 

Tuberculosis under a national health service II With special reference to rural 
areas (C Clayson) 371-378 

1 3 7 9- 3*9 0°^ Vltamia A estimation in blood (W Tomaszewski & L Dziafoszy nski) 

ar *enovenous aneurysms on blood volume and blood picture 
(M H Roscoe & G M M Donaldson) 391-396 

Journal of Anatomy 
w 80 July 1946 

* on Sue in swallowing (J WhUlis) 115-116 
totor localization and the effects of nerve injury on the ventral horn cells of the 
S *“ U »«W» CG s Roma Its) 117-131 

°f pituitary adreaotropic hormone (PATH) extract of suprarenal 
iii C f 3 o n ^ co ^ llcmcoa Otchaemopoienc system (J M Yoffcy&J S Baxter) 

cycle of the cells of the adrenal cortex in the adult rat. (J S Baxter) 

su PpJy and lymphatic drainage of tendons (D A. W Edwards) 

The visual paths m a case of unilateral anophthalmia with special reference to 
tnc problem of crossed and uncrossed visual fibres (T Rogalski) 153-159 
^ development of the corpus Iutcum in the mare (R. J Hamson) 160-166 
Jonn truest Sullivan Frazer D Sc F R C.S (R-H R ) I6S-169 


Journal of Laryngology and Otology 
60 December 1945 

Congenital choanal atresia (A Durward O C Lord&C J Poison) 461-500 

The repair of the depressed nasal bridge (S Suggit) 501-503 

Wounds of the mastoid process (A report on eleven cases) (J Magill) 504 510* 

61 January 1946 

Penicillin in otorhinolaryngology (C A Hutchinson) 1-17 
Congenital sinuses of the external ear (M R Ewing) 18-23 
Fenestrauon of the labyrinth Part I The transtympamc route (O Popper) 
24—37 

Perforation of the aorta by a foreign body in the oesophagus case report and 
review of the literature (H J Barrie & V Townrow) 38-42 

Journal of Mental Science 
92 July 1946 

Clinical survey and results of 200 cases of prefrontal leucotomy (J Franky 
497-503 

An experiment in the vocational adjustment of neurotic patients (H Halstead <5L 
P Slater) 509-515 

Generalized xanthoma with a case presenting lesion of the central nervous 
system (C E H Turner) 516-531 
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Discussion prefrontal lcucotomy with reference to indications and results 
(F L Golla W Freeman, J W Watts E C Dax, E J Radley Smith, 
L C Cook R Strom Olsen, J N P Moore, J Frank el al ) 443-458 
Discussion indications for the technique of intracapsular extraction of cataract 
(O M Duthie J Foster el al ) 460^464 

Discussion on penicillin in the treatment of syphilis (J Marshall, A J King 
el al ) 465-474 

Discussion on photography in relation to dermatology (A C Roxburgh el al ) 
475 — 479 

Discussion on vascular injuries in war (J J M Brown, A M Boyd, J R 
Learmonth F Albert & B C Maybury) 483-494 
Diagnosis and treatment of chronic cholecystitis (M Shaw, G T Cnlthrop & 
A J Gardham) 495-500 

Male eunuchism considered in the light of the historical method (A P Cawadiat) 
501-506 

39 Julv 1946 

The birth of modem endocrino’ogy (W I angdon Brown) 507-510 
Treatment of ulcerative colitis with irtestinal mucosa (A M Gill) 51 7 -519 
Some observations on the aetiology and treatment of sprue (A L Wingfield) 
519-522 

Discussion on rhinologv in the Mediterranean and African areas 523-530 
Tomography in the diagnosis of lung carcinoma (J B Hartley) 531-534 
Some observations on radiology of the pancreas (R A K Harper) 574-537 
Expenmental ->tudy of the vertebral venous system — preliminary report 
(A S Johnstone) 578-540 

Discussion on the use of medicaments in diseases of the colon and rectum 541 “>50 

Discussion on placenta praevia 551-558 

Discussion on water metabolism in pregnancy 558-568 

The problem of postmaturity ’ (A J Wngley) 569-574 


39 August 1946 

Symposium on the surgical treatment of myasthenia gravis 600-604 
The influence of wave lengths on certain lesions produced by the irradiation of 
mice (A I acassagn?) 605-612 

Discussion on the chemotherapy of meningitis secondary to infection of the ear 
and nasal sinuses 617-628 

Phthisis in the seventeenth century (S L Cummins) 679 672 
Intravenous pentothal as the sole anaesthetic for tonsillectomy (C Hayes) 
633-634 

Personal expenence of bronchoscopy (G Organe) 635-636 
Discussion on dental structure and dental caries 637-645 
A case of Fostecka s operation for the correction of the prognathous mandible 
(C B Henry) 646-648 „ 

Homologous serum jaundice (W H Bradlev) 649-654 
Homologous serum hepatitis (F O MacCatlum) 655-657 
Two cases of homologous serum jaundice (H E Magee) 657-659 
Progress and problems in port health administration (P G Stock) 660-672 
Radiation treatment of cerebral tumours 673-680 

Putlic Health 
59 April 1946 

Lines of approach to public health (T Ferguson) 95-98 
Allergic shock following administration of anti diphtheritic serum ([ M 
Librach) 98-100 

An outbreak of Sonne dysentery (C B Hogg) 100-103 
Hygiene in the schools , and tho School Health Service 103-105 

59 May 1946 

Some problems in rural public health (H E Marsden) U2-U5 

The Teviot report (A G Taylor) 115-117 

The treatment of cancer (F E Chester-Wilhams) 117-119 

59 June 1946 

Contributions to public health staustics (E B Wilson) 125-128 

The public analyst and recent food and drugs legislation (G H Walker) 128-133 


59 

The organisation of medical work 
From -* ... 


i num j uuenan} 14, 

drainpipe concept ” to biological background 

59 August 1946 


July 1946 

(J J Buchan) 142-144 

(J G Wilion) 145 u; 


(J W T Pjlimcaj 
(B Mann) 161 ISJ 


T, ,,, , , , " n-uauni 1 3*11) 

T .cS.I, 80 of thc rheumatic problem to public health 

J JO- I 01 

The cleansing and sterilisation " of mess tins in the field (B Mannl in m 
Th & j rC Un n ga P r) S |65-l66 PenU “‘ S prophyl:,x,, und contro1 (« ■> Parish, 
Premature births in Warwickshire, 1945 (F Brockuigton) 165-167 

_ . 59 September 1946 

iJ S"v '' P "‘ “ * T "'” d * 

Quarterly Journal of Experimental Physiology 
33 June 1946 

The physiological effects and fate of cyanogen chloride (W N Aldndre 4 
C L Evans) 241-266 

The relationship of heparin to trauma (J Pollard 4 S B Stoker) 267-289 
Congestive atelectasis in lungs of rabbits and other animals subjected lo lit 
action of low barometric pressure (J Fegler&J Banister) 291-309 
Radiographic studies of the effects of mepacrinc on the gas|ro intestinal tract 
of the rat (Army Malaria Research Unit, Oxford 4 The Nuffield Insututt 
for Medical Research, Oxford) 311-321 

Quarterly Journal of Medicine 
15 April 1946 

Description of an outbreak of beriberi with special reference to the aetiology of 
beriberi and epidemic dropsy (E R Cullman, A Kekwick, A S Wald 4 
W L Titman) 91-105 
The heart in anaemia (A Hunter) 107-124 
Complete congenital agenesis of a lung (J Smart) 125-139 
Anomalies of intestinal absorption of fat 1 The determination and jigmfifir.ee 
of faecal fat (W T Cooke, J J Elkes A C Frazer, J Parkei, A L P Feeney, 
H G Sammons & G Thomas) 141-155 

15 July 1946 

Changes in the Parkinsonian syndrome in the twentieth centurv (H DImidile) 
155-170 , , 

Craniofacial dysostosis the significance of ocular hypertelorism (A Broun A 
R K Harp.r) 171-181 , „ 

The epid-miology of the 1945 outbreak of poliomvelms in Mauriuus (A M 
McFarlan G W A Dick & H J Seddon) 183-208 
Tho ocular manifestations of tuberose sclerosis (G S Hall) 209-220 
The estimation of prostatic phosphatase in serum and Its us. in the diagnosis ei 
prostauc carcinoma (F K Herbert) 221-241 

Rheumatism 

3 July, August, September 1946 

Notes on tho management of thc rheumatic patient (F Bach) 18-xu , 

Thorium X m spondylitis and chrome rheumatism (F Hemaman Jotmsooj 
21-24 

Focal sepsis — rhinological point of view (I Rohm) 25-27 
Infection of the cervix uteri and rheumatism (T Ogg) . .... 

Some methods of treatment of rheumatism in the USA (N ivei g 
Chronic oral sepsis and its relation to rheumatism part I fi” 

To move or not to move (J Mennell) 35-38 

Thorax 

1 March 1946 

Carcinoma of the bronchus (A T Edwards) 1-25 
Pneumonitis (R Coope) 26-29 

Helium in the treatment of asthma (R Doll) 30-38 jltlscv) 39-47 

Stainless steel wire suture technique in thoracic surgery ( • " n( j rcp orl 

Spontaneous perforation of the oesophagus Review of the literature 
of three new cases (N R Barrett) 48-70 

1 June 1946 

Tin mining and silicosis in Cornwall (L W Hale) 71-92 1 ., 9J _ 99 

Residual iodized oil following bronchography (H Js 0lW ald) joO-117 
Pulmonary tuberculosis in African native troops IN C ys ' f nulignsot 
The examination of the sputum and pleural fluid in the magno> 

disease of the lung (J Bamfortb) 118-127 , an j finical study 

Anoxia and the central nervous system an expenmen 
(B G B Lucas) 128-142 

Tropical Diseases^BulIetm 

The treatment of amoebiasis A review (A R D Adams) 6IJ 

43 August 1946 

Control of schistosomiasis (J J C Buckley) 693-6 

Ulster Medical Journal 
15 May 1946 

Malaria in war (J A Sinton) 5-28 -j- Smyth & R- J t- 

Penicillin in subacute bacterial endocarditis U» 

Some reflections on the ideal hospital of the future p^Q^pbell) 4S-5 7 
Some reflections on the evolution of medicine to 

agsssaiSfep J’ MS;*" 

Inhaled^ and swallowed foreign bodies (K Hunler) 96-102 
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Chemical Carcinogenesis 


T HE present number of the British Medical Bulletin comes at the 
end of a brilliant chapter m chemical carcinogenesis, and at the 
opening of a new era of investigation which promises to be more 
intense and productive than any which have gone before Its 
intention is not merely to provide a conspectus of our present knowledge, but 
to indicate also the probable trends of development for the years ahead 

We should like to make special acknowledgment of our mdebtedness to 
Professor Alexander Haddow for his invaluable advice in the planning of this 
number Not only has he made a substantial contribution to its matter, but it 
was with his advice that its general plan was devised Other contributors, 
especially Dr I Berenblum, have also offered useful suggestions, which have 
been incorporated 

In few modem subjects is there a stronger sense of historical contmuity 
with the past, but we cannot too often be reminded how our present wealth of 
information sprang directly from the curiosity and accurate descriptive powers 
of the great clinical observers of the 18th and 19th centimes m this subject, 
although he would be surprised to leam it, Percivall Pott must here be reckoned 
facile prmceps, and that not merely in time alone That such methods are still 
not only useful but indeed essential is amply shown by the articles which follow 
on cutaneous cancer m industry, on occupational cancer of the bladder, and 
on the role of arsemc m carcinogenesis 

Before the war of 1914-18, the workers of the Imperial Cancer Research 
Eund had laid the basis of what may be called the natural history of cancer 
that is, the frequency and distribution of the disease in man and animals, the 
circumstances in which it arises, and the way in which the behaviour of cancer 
cells differs from that of the normal cells from which they are derived From 
1915, when Yamagiwa was the first to produce cancer under experimental 
conditions and at will, by application of coaltar to the skin, investigation 
naturally shifted to the chemical identification of the substance responsible 
It is in this field more than any other that the greatest strides have been made 
in the past generation, in large measure as a direct outcome of the contributions 
of Kennaway and his co-workers at the Royal Cancer Hospital in London 
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With characteristic modesty, Kennavvay has never 
failed to point out the influence of chance and good 
fortune on the course of these researches for example, 
that “ any further advance would have been difficult 
indeed if one at any rate of the carcinogenic substances 
in tar, namely, 3 4-benzpyrene, had not possessed the 
extraordinary property of blotting out with its own 
fluorescence that of other intensely fluorescent com- 
pounds, such as anthracene, in the complex mixture ” 
Although the history of cancer research provides many 
similar instances of fortunate circumstance, they have 
seldom favoured any but minds already prepared. Much 
more has been due to a relentless and unwearying patience 
(a quality peculiarly necessary in problems such as 
these), to systematic and well-planned experiment, and 
to occasional brilliant examples of the use of the scientific 
imagination, as in Cook’s successful prediction of the 
high carcinogenic potency of methylcholanthrene, before 
that compound had actually been made There is, of 
course, as we know, no lack of problems still, but the 
fact that there is any prospect at all of continuing 
progress m the future is to a large extent due to the 
contributions of Kennaway and his school They 
represent nothing short of a new chapter, and a long 
one, in experimental and chemical pathology, and are 
a source of legitimate pride in the lustre they have added 
to British medicine and science 

Few of the earlier workers in this field can have foreseen 
its surprising growth and ramification, and especially 
the remarkable clues which these discoveries provide 
towards solving the problem of the “ spontaneous ” 
origin of cancer in man The isolation of carcinogemc 
substances from human tissues is a subject which is 
being watched with special interest, in the belief, or 
hope, that from such work may come the long-waited 
explanation 

With another natural and inevitable change of 
emphasis, interest is now tending to centre less on the 
description of carcinogens as such, and more on the 
means by which they transform the normal cell into a 
malignant one Here the purely chemical attack seeks 
to reveal the significance of relationships between con- 
stitution and biological action, the biochemical approach 
concerns itself with both the intermediate and the 
ultimate fate of carcinogens in bodily metabolism, and 
the biological method considers the mutual summation 
and interference of different agents in carcinogenesis, 
and the influence of carcinogens upon normal growth. 
Much of the progress which has been achieved in these 
various directions in the past decade is summarized in 
those pipt-rs which deal with cocarcinogenesis, anti- 
carcinog^nesis, the influence of solvents on activity, the 


metabohsm of carcinogens, and the mechanism of 
tumour-production generally. 

From these and other articles it is clear that much 
progress has been made, and continues to be made, 
towards a clearer understanding of the changes mvohed’ 
and pf the way m which not only chemical substance), 
but physical carcinogens equally, operate to bring th&e 
about The very multiplicity of carcinogemc agents 
has always presented something of a problem, as to the 
mechanism by which agents as diverse as x rays and 
gamma rays, ultraviolet rays, and the chemical 
carcinogens, could produce an identical end-result in the 
shape of a malignant tumour It now appears not only 
that they have in common the property of damaging or 
inhibiting the processes of normal growth m a rather 
special way, but that they should all be regarded as 
sources or carriers of energy in a form which readily 
interferes with the normal economy of the cell, and 
eventually leads to an entirely new orientation of 
characters at a different energy-level. 

We therefore seem to be coming within sight of a 
quantitative understanding of cell-variation as a problem 
in energetics if much remains to be done, there can be 
no doubt of the implications that such an achievement 
would hold, not simply for the cancer question, but for 
biology as a whole. From other facts, which are brie y 
mentioned in an article on the mode of action o 
carcinogens, an attractive hypothesis has emerge 
according to which normal growth may be r ^ u ^ le 
by the supply of specific growth-factors which m ivi ua 
tissues are unable to synthesize, the autonomy o ® 
cancer cell possibly being due to an acquired P ov,er 
elaborate such substances and so become in epen 
of their external supply. 

One specially noteworthy result of the l as t tee- 
the direct outcome of studies of the mode o ac ^ 
carcinogens, has been the recognition o ® [J( 

inhibitory action of many tumour-pro ucin . b 
How this situation is only apparently P ara . in 
explained m what follows, and the observa i ^ 
turn produced a good deal of interest m ^ 

such inhibitory effects, and the exten h t0 

could form the basis of an experimenta PP [b ,. 
chemotherapy. Meantime we have jvitn 1 ’ ^ 

control of carcinoma of the prostate yo ° cnt 0 f 
first practical application of a Z safflC oestrog^ 
at any rate one form of cancer th tumours w 

are capable of inducing a wide varie y a aere 
other circumstances, is possibly mors a(Jvan a, 
coincidence. This, of course, is on y a ser je> 0 f 

but it will probably be the prelude to an ure tbane 

similar discoveries (of which the ac i 
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and the nitrogen mustards are other examples), which 
should gradually accumulate until our whole outlook 
on the disease is transformed 
Another unexpected development, which is only now 
being explored, holds out the prospect of an eventual 
rapprochement between the purely chemical interpreta- 
tion of the origin of cancer and that other view which 
regards it as due to a process of virus infection One of 
our contributors has speculated that disturbance of 
enzyme function, through the formation of a carcinogen- 
enzyme complex, could lead, by cellular adaptation, to 
the emergence of a new type of protein with auto- 
synthetic properties A similar line of reasoning has 
developed from a recent observation that the growth- 
inhibitory effect of the carcinogens may be largely 
neutralized by incorporation in the diet of a sufficiently 
high proportion of protein, and the possibility — again 
still to be confirmed — that the Carcinogens may function 
first of all by retarding protein-synthesis within the 
cell These suggestive developments come at a time 
when quite independent advances in cytogenetics are 
shedding fresh light on the nature of viruses, and it will 
certainly be an astonishing outcome if the two con- 
trasting and hitherto Irreconcilable interpretations of 
the origin of cancel- should be brought together in a 
common synthesis 'this synthetic tendency, provided 
it is truly spontaneous and not artificially constrained 
to fit one or other particulaf viewpoint, is an encouraging 
feature of the subject at the moment, and is specially 
welcome as offering hope that the daily flood of facts, 
which we do everything in our power to encourage, will 
become progressively less a mere burden to the mind, 
and more a source of refreshment for the spirit ! 

This notice would be incomplete without mention of 
a different topic The majority of the papers in the 
present number, and a good proportion of the advances 
they describe, are based on research carried out with 
the support and interest of the British Empire Cancer 
Campaign over more than twenty years Through a 
wise policy of financial encouragement with freedom of 
investigation, the Campaign has achieved more thah 
any other single body towards advancing the study of 
cancer in Britain Not the least of its services has been 
the informal promotion of friendly contact and collabo- 
ration between active workers in numerous laboratories 
and institutions throughout the country, and the present 
number of the Bulletin, with papers by twenty authors 
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from eleven different centres in London, Oxford, Leeds, 
Manchester, Sheffield, and Glasgow, provides welcome 
evidence of the same good spirit 

Enough has been said to show that in spite of the 
inherent difficulties of the subject, and m spite of the 
meagre results which may attend the efforts of any 
individual worker, no matter how able or zealous, 
research m cancer continues to develop m the most 
interesting way, and to register steady progress The 
effect is cumulative and a true advance once made is 
never lost, so that we now have a well-founded and 
growing structure of knowledge which would certainly 
surprise and gratify those who contributed to its modem 
beginnings Assuming that our fundamental knowledge 
of cancer contmues to grow, even at its current rate, 
developments are bound to occur which will bring 
practical benefits in the treatment of the disease m man 
extensive as our present knowledge is, it is likely that 
the greatest discoveries are yet to come On the other 
hand, since it is those who work in the closest contact 
with the disease who are under the least illusion as to 
its refractory character, there is not, and there never 
was, the slightest ground for merely heedless or facile 
optimism But we should also pay equal attention to 
the endless possibilities m the natural growth of science, 
in the face of which very few problems indeed are truly 
insoluble 

The attraction of this type of research is largely due 
to the scope which it offers to talents of the most diverse 
lands It combines the intellectual satisfaction which 
springs from fundamental work in biology, in chemistry, 
and in physics, with the mental satisfaction of contri- 
buting, even in small measure, to the alleviation of 
disease ft offers ample opportunity for teamwork, 
and equal opportunity to the individual worker and the 
man of ideas It benefits from planned investigation, 
and also, as we have seen, from the play of chance It 
demands more facts, yet not only facts but the capacity to 
produce a synthesis from such facts as we already have 
We must not forget that the active investigation of cancel 
has beed very largely confined to the past fifty years, and 
that research was conducted up to the first twenty or 
thirty years of the present century on only a very modest 
scale The tempo is, however, steadily quickening, and 
while we are far from our objective no one can doubt, 
given a continuation of these fer tilizin g processes, that 
the greatest benefits must ultimately accrue 
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Professor Alexander Haddow graduated m medicine 
in 1929, at Edinburgh, where he later became lecturer in 
bacteriology (1931-36) During this time he published a number 
of papers on special aspects of growth, such as the comparative 
pathology of tumours, viruses in relation to the etiology of 
cancer, and problems of immunity affecting the transplantation 
of tissues Ever since his Edinburgh days, one of his main 
interests has been in bacterial mutation, and its importance m 
Uucidating what he considers to be analogous problems of 
variation in the origin of cancer In 1935, he described a growth- 
inhibitory property associated with carcinogenic compounds and 
has spent some years in developing this subject and relating it 
to the mechanism of action of tumour-producing agents generally 
Recently he has been closely concerned with developments in 
chemotherapy, and is Vice-Chairman of the Joint Scientific 
Committee on Oestrogens in Cancer, of the British Empire 
Cancer Campaign and the Royal Society of Medicine Professor 
Haddow’s more recent papers deal with the transformation of 
cells and viruses ( Nature , 1944, 154, 194), the artificial production 
of coat-colour by various rro-alloxazmes (with L A Elson, 
K M Rudall, G M Timmis and E M F Roe, Nature, 1945, 
155, 379 , Endeavour, 1945, 4, 141), and the action of urethane 
in leukaemia (with W A Sexton, E Paterson and others, Nature, 
1946, 157, 500 , Lancet, 1946, 1, 677) He is at present engaged 
(with Professor GAR Kon, F R S ) m a study of the growth- 
inhibitory and carcinogenic properties of derivatives of 4-amino- 
stilbene In 1946 he was appointed, in succession to Professor 
E L Kennaway, F R S , to the chair of experimental pathology 
in the University of London and the directorship of the Chester 
Beatty Research Institute of the Royal Cancer Hospital (Free) 

* * * 

Professor GAR Kon is an organic chemist who was 
for many years on the staff of the Imperial College of Science 
and Technology in London His early researches dealt with 
problems of aliphatic and ahcyclic chemistry, and some of them 
were devoted to the study of tautomensm Later he became 
interested in the chemistry of the sterol group, and studied the 
problem mainly by the synthetic methods , soon afterwards he 
turned to the related field of the tnterpenes, to the study of which 
he devoted many years Since 1942 he has held the chair of 
chemistry at the Royal Cancer Hospital (Free), and in 1943 was 
elected a Fellow of the Royal Society 

* * * 

Dr I Berenblum is a university demonstrator at the 
Sir William Dunn School of Pathology, and is in charge of the 
Oxford University Research Centre of the British Empire Cancer 
Campaign Previously (1927-1936) he held the Riley-Smith 
Research Fellowship in the department of experimental pathology 
and cancer research at the University of Leeds His published 
work includes papers and reviews on occupational tumours, on 
irritation in relation to the mechanism of carcinogenesis, and on 
various aspects of the application of micro-methods in the 
experimental study of cancer His recent work (in collaboration 
with Dr R Schoental) has been devoted to the study of carcino- 
genic constituents of tars and oils, and on the fate of chemical 
carcinogens in the animal body and the isolation of the products 
of their metabolism 

* * * 

Mr E R Holiday is director of the spectrographic 
laboratory at the London Hospital He has been interested for 
many years in the use of absorption spectrography as an 
analytical method and as a means of helping to establish the 
chemical structure of compounds of biological importance, 
eg Vitamin B2 ( Ber dtsch chem Ges 1934, 67, 1104, 1934, 
67, 1352), punne glycosides {Bio chem J 1930, 24, 619 , J chem 
Soc 1934, p 1639 , 1936, p 765), proteins {Biochem J 1936, 
30. 1795 , 1938, 33, 1166), and polycyclic hydrocarbons {Cancer 
Res 1943, 3, 151 , 1943, 3, 686 , 1946, 6, 699) 

* * * 

Mr E M Jope worked for some years m Oxford on the 
physico-chemical properties of blood-pigments and related 
porphyrin compounds {Biochem J 1945, 39, 239, etc ) He is 
now working in the spectrographic laboratory at the London 
Hospital, where, among other problems, the absorption spectra 
of polycyclic hydrocarbons and their derivatives are being 
studied He is interested m the biochemical aspects of the 
development of erythrocytes, and has recently published new 
evidence concerning their destruction, from which their life-span 
can be estimated {Brit J industr Med 1946, 3, 136 , Proc R 
Soc Med 1946, 39, 755) 


Mr H G Crabtree studied organic chemistry at tit 
University of Liverpool, and later specialized m colour chemmrv 
at Leeds University For the last 23 years he has been research 
chemist at the Imperial Cancer Research Fund, London, and 
has worked on problems connected with the chemotherapy of 
cancer, tissue-metabolism, effects of radiation on tissues and the 
mode of action of chemical carcinogens He showed that the 
glycolysis which is characteristic of the cancer cell isa non specific 
property shared by other pathological overgrowths (BlochtmJ 
1928, 22, 1289), and demonstrated that short-wave radiations 
preferentially damaged the glycolytic mechanism of cells, when 
irradiation was carried out at low temperatures ( Biochem J 
1933, 29, 2334) This finding was used In an investigation of the 
influence of wavelength on the biological effectiveness of 
radiation {Brit J Radiology, 1939, 12, 39) More recently h' 
has been concerned with the relation of sulphur metabolism to 
the initial phases of carcinogenesis The demonstration that the 
carcinogenic process is retarded by a wide vanety of substances 
which specifically, and by different chemical mechanisms, inhibit 
the functional activity of SH-groups, has led him to postulate 
that a primary stage in the action of chemical carcinogens is 
their fixation, through SH-hnkages, to unknown cell-constituents 


Dr F Dickens is Philip Hill professor of experimental 
biochemistry at the Courtauld Institute of Biochemistry, 
Middlesex Hospital School, University of London untu 
recently, he was director of cancer research to the Norm oi 
England Council of the British Empire Cancer Campaign, at 
King’s College, Newcastle-upon-Tyne He has now returned 
to the Courtauld Institute, where he was earlier (19-3 lwl 
a research worker, for part of this period as a member ol_ 
scientific staff of the Medical Research Council Profffior 
Dickens has contributed to many aspects of tissue metab . 
especially to knowledge of the respiratory 9 u . otien j d 0 r 
tissue preparations Applications of this wor * c , to n h „ e i 0 f 
normal and tumour tissues have been described in a 
some twenty publications in the Biochemical J° urnal ^ , j 
and Cancer Research (1943, 3, 73) He recentto ' 

1941, 35 , 1011 ) discovered the presence of considerab e amoum 

of citrate m the hard substance of bone Other woi rk nc 
the application of ultra-short radio-waves to ] been 
(AmerJ Cancer, 1936,32, 626, 1645) Since 1938 he^asK^ 
an editor of the Biochemical Journal, and he is t J n , 
with Professor E C Dodds of The chemical and 
properties of the internal secretions, Oxford, > .039 

of O Warburg’s Metabolism of tumours. Constable, i? 

* * * 

Dr E Boyland is reader in biochemistry '“^^RoyiS 
of London at the Chester Beatty Research I ^ war >M n) 
Cancer Hospital, where he has worked (excep o fcarcmo geiis 
since 1931 In addition to work on the metabolism 0 of Mnc£r 
he has worked with colleagues on the ^ b Ilsm of tumours 
and on the nature of the carbohydrate meta ol^ war f are for 

During the war he worked on problems of f amrn als for the 
the Ministry of Supply, and later on diseases otuu^ 
Ministry of Agriculture , Before starting laboratory of & 
Dr Boyland worked in the P^f a t tl ite for Presume 
University of Manchester, the L )Ste f. fur Mediziniscte 
Medicine, and the Kaiser-Wilhelm Institut iur 
Forschung in Heidelberg 


1 and professor ot pnotocneim^ - w studied the “ 
itam During his academic care " h ®r Anthracene and its 
stry of hydrocarbons, especially of tmtnra |arU cd 

Uives He discovered some specific eHects^^^ ^ 

and these researches established Pf & Drift 1 

etical photographic c ?S«)and S especially since 
re, / R photogr Soc 1938) ana, esp /yy flW/ r, 193* 

ow, a photochemical theory of colotiv ofoP'^'i 

talmologtca, 1940) A comprehens we 
ids in chemistry was published as a b > v (, eigert has be* 
hemie, Leipzig, 1928 Since 1939 Dr Ho smg 

ch physico-chemist at the Mount (he sludy o t 
iwood, Middlesex, where he ‘ S r S specially betizpy* - 

1 oils m of carcinogenic hydrocarbons, 
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Dr P R Peacock is the director o! research at the 
'Glasgow Royal Cancer Hospital He was tr lined at Middlesex 
Hospital, London, where, after qualifying in 1924 he hJd 
' resident appointments, and afterwards research scholarships in 
the Bamato Joel Laboratories until 1928 His early work was 
■mainly concerned with fat soluble vitamins and with experimental 
* radiology He was appointed to his present post in 1928 and in 
•1933 became the Administrative Medical Officer at the same 
•Hospital He was appointed honorary lecturer in pathology to 
i the University of Glasgow tn 1943, and elected a Fellow of the 
a Royal Faculty of Physicians and Surgeons of Glasgow in 1944 
a Dr Peacocks published work includes comparative studies of 
- fowl sarcomas induced by chemical carcinogens and those 
spontaneous tumours that can be propagated by cell free extracts 
C Amer J Cancer, 1935, 25, 1 . Brit J exp Path 1945, 26, 357 , 
j CancerRes 1946,6,311) He has made a study of the metabolism 
,, of chemical carcinogens and described their natural routes of 
excretion ( Brit J exp Path 193S 19, 315, 434 Brit J exp 
. Path 1940, 21, 227 Biochent J 1941, 31, 1276) He is 
particularly interested in dietary factors related to cancer of the 
alimentary tract He holds the view that much human cancer 
i could be avoided, and that closer co ordination of clinical 
statistical and experimental research may lead to identification 
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collaborating with Professor H N Green in an investigation of 
the mode of action of sulphanilamide (Brit J exp Path 1942 
23, 1 23, 13), he began in 1942 to work on problems of cancer 
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since 1924 He was a member of the team of workers which, 
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ana Biological actions of sex hormones, 1945 


.u, rtl P R E S Horning is a member of the scientific staff of 
N w 7 P D 1 r Cancer Research Fund Laboratories, London, 
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of factories in the Factory Department of the Home Office under 
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contact with mineral oil used in lubrication— the so-called 
‘ mule-spinners’ cancer” 

All these phenomena were the results of undesigned and 

unpredictable “ natural ” experiments on a grand scale the 

unforeseen outcome of one or other aspect of the current 
industrialization How frequent such environmental expen 
ments have been and still are, and how fascinating in their 
variety, may be judged from Dr Henry’s (1947) account 1 of 
cutaneous cancer attributable to chemicals in industry The 
next stage was clearly that of systematic inquiry, and the first 
essential lay in the reproduction of the disease at will One 
of the earliest attempts was made by Hanau m 1889 Inspired 
by von Volkmann’s paper, he tried to mduce cancer in rats 
and dogs by painting the skin “ mit Hallenser Braunkohlen 
theer ”, but without result Success proved tardy, just 
eluding Bay on m Britain m 1912, but was finally achieved by 
Yamagiwa & Ichikawa in 1915, when they produced 
undoubted malignant epithelial tumours by application of 
coaltar to the ears of rabbits In 1918 Tsutsui (a pupil of 
Yamagiwa) showed the advantage of painting the skin of 
mice as a method of biological testing of carcinogenic tars— 
a simple technical variation which was nevertheless to have 
a profound influence upon all later developments In 1922, 
strict proof of the carcinogenicity of soot was obtained when 
Passey produced malignant growths by painting the skin of 
mice with an ethereal extract 
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That scientific progress is equally dependent upon natural 
observation and planned experiment is nowhere more richly 
illustrated than in the early history of carcinogenesis. For 
all practical purposes, the story began when Percivall Pott 
(1713-88), who was surgeon to St. Bartholomew’s Hospital, 
and who was aware of and interested m Ramazzmi’s accounts 
of the morbl artificum, described a particular form of cancer 
occurring in chimney-sweeps (cancer scroti, in Chlrurgical 
observations, 1775), and traced it to a specific cause, namely 
contamination of the skin by soot Other examples of this 
curious disease continued to be reported from time to time 
by a long line of English surgeons, including Earle, Astley 
Cooper, Hughes Bennett, Paget, and Buthn For various 
reasons it appears not to have been observed to any great 
extent abroad ( verrue de soie, cancer des ramoneurs, Schorn- 
stewfegerkrebs), but was sufficiently frequent in Britain to 
make a tragic addition to the already miserable plight of the 
so-called “ climbing boys ”, and to find a reflection in the 
social history and legislation of the time 
The interest of the condition clearly lay in the proof which 
it brought of the environmental origin of at any rate one 
form of cancer, and this by itself would no doubt have 
provided a sufficiently powerful stimulus to later investiga- 
tors However, in the second half of the nineteenth century 
there appeared other and fresh accounts of cancer as an 
industrial hazard Thus, in 1875, von Volkmann discovered 
occupational skin-tumours among the workers m the tar ana 
paraffin industry at ftalle In the following year, the 
celebrated Joseph Bell of Edinburgh described the earliest 
Sses m the Scottish shalefield of “ paraffin cancer . the 
Sural history of which was to bo so admirably related l by 
Alexander Scott (1923) almost fifty years afterwards Still 
1887 was found the first example of skin cancer 
kj? r * m 18 n 8 Z’J m the Lancashire cotton-spinning 
Say. and now blown to bo attributable to occupauona! 
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FIG 2 



Wellcome Historical Medical Museum 
Katsusaburo Yamagiwa 1863-1930 

1 Nature of the Carcinogenic Agent in Coaltar and Pitch 

Possibly the first usage of the term carcinogen was by 
Sir James Paget in 1853. in a somewhat obscure passage m 
his classic Lecture s on surgical pathology 

is there one material for cancer, one carcinogen which, 
like an organic radical, may form different yet closely allied 
cbmpounds, in its combinations with the various substances 
provided by different bloods, or different parts 7 ” 

All the above facts had very clearly shown the existence of at 
least* one such cancer-producing agent, and the stage was 
now set to elucidate its precise nature in chemical terms 
There is a remarkable sentence in Lebert’s Traite pratique 
des maladies cancereuses (1851) in which the famous author 
shows a high degree ot prophetic insight mto the conditions 
required for the necessary progress 

II faut que, pour un pared travail, un homme profondement 
versi dans la connaissance anatomique et pathologique du 
cancer se reumsse k un chimiste qui, de son cote, soit au 
courant des pr ogres les plus recents de la science ” 

The first-fruits of this union came relatively late, m 1921-26 
with a demonstration by Bruno Bloch and Dreifuss and their 
collaborators m Ziirich that the active substance of coaltar 
was concentrated m the higher boiling fractions as a neutral 
compound and the recognition that this was free from 
nitrogen arsenic or sulphur, was capable of forming a stable 


complex with picric acid, and probably belonged to the class 
of cyclic hydrocarbons (Bloch & Dreifuss, 1921) 

In 1924 and 1925 Kennaway succeeded in producing 
carcinogenic tars by the pyrolysis of petroleum, coal, skin 
hair, yeast and cholesterol, and by leading acetylene and 
isoprene— H,C=»C(CH0 CH=CH, — with hydrogen through 
strongly heated tubes The tars so obtained showed an 
ascending order of biological potency according as they were 
prepared at successively higher temperatures (450-1,250° C ) 
and these results could be explained by assuming that 
acetylene was a common decomposition-product, and that 
the carcinogenic material was actually formed from acetylene 
S imilar activity was found by Kennaway (1924 , 1925) in 
the higher-boilmg fractions of the mixture of hydrocarbons 
which Schroeter (1924) had obtained from tetrahydro- 
naphthalene by treatment with aluminium chloride There 
thus emerged, gradually but surely, the strong general con- 
clusion that the carcinogenic agent was a complex hydro 
carbon of the aromatic senes 

Since the carcinogenic tars and oils usually showed a 
pronounced fluorescence. Mayneord m 1927 examined their 
fluorescence-spectra, and discovered them to possess a 
characteristic spectrum consisting of three bands at low 
dispersions This quite vital clue was developed by Hieger 
(1930) in an investigation of the fluorescence of a number of 
polycyclic aromatic hydrocarbons, particularly those related 
to anthracene It may be noted here how necessarily 
dependent were such investigations upon the parallel develop- 
ment of chemistry m general, and upon the chemistry of the 
aromatic hydrocarbons in particular As only one of many 
examples may be mentioned Chattaway’s earliest work with 
Bamberger at Mdnchen, which resulted m the determination 
of the constitution of a number of polynuclear hydrocarbons 
which occur m minu te quantity m the highest-boiling frac- 
tions of coaltar 

If however our knowledge of cancer was dependent upon 
chemistry — as it still is and to an ever-increasing extent — 
chemistry itself was soon to gam much m return from the 
stimulus of developments in the following years By a most 
fortunate chance, the known pure compounds which Hieger 
proceeded to examine included 1 2-benzanthracene (I) and 
this substance was at once found to give a spectrum com 
parable with that of the carcinogenic mixtures It was this 
circumstance which shortly led Cook to embark on the long 
senes of synthetic studies on bomologues of benzanthracene 
(Cook, Hieger Kennaway & Mayneord 1932) which 
founded our knowledge of the structural features underlying 
carcmogemc action, at any rate so far as this type of com- 
pound is concerned About this time Erich Clar (1929) had 
just published a senes of methods for the synthesis of certain 
slightly more complex hydrocarbons containing the benz 
anthracene system These substances were at once tested 
for carcmogemc activity by Kennaway & Hieger (1930), who 
soon obtained positive results with the compound ultimately 
identified as 1 2 5 6-dibenzanthracene (II) This was 
therefore the first known pure chemical compound mam 
festrng pronounced carcmogemc properties 

The fluorescence-spectrum — in Kennaway’s words “ the 
single thread that led all through this labyrinth ” — and as 
can be seen from the contribution 1 II of Berenblum Holiday & 
Jope (1947), still an invaluable physical technique for the 
investigation of the carcmogemc hydrocarbons — was also 
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1 2-benzanthracene is the most active of all the monomcthv] 
derivatives of the parent compound Of the remain™ 
monomethyl isomendes, only the 6-methyl-denvative exhibit 
notable activity, the others little or none 
Proceeding to dimethyl-benzanthracenes, an important 
conception emerged when it was shown that substituents at 
any two favourable positions reinforce each other, so that 
the activity of the new compound is enhanced. Thus 


used by Hieger (1933) in the concentration of the carcinogenic 
agent from coaltar pitch, culmmating m the isolation of a 
pure hydrocarbon which showed the characteristic three- 
banded spectrum, and which proved to be strongly carcino- 
genic At the time of its isolation this compound had not 
been elsewhere recorded, and it was therefore necessary to 
determine its molecular structure Its properties suggested 
one of the two possible benzpyrenes, and these were synthe- 
sized by Cook & Hewett (1933), who were soon able to prove 
the identity of one of the compounds (3 . 4-benzpyrene, III) 
with the substance isolated from pitch Tedious as the early 
extractions necessarily were, it was subsequently found by 
Berenblum & Schoental (1943), using a spectrographic 
method of estimation, that tar might contain as much as 
1 5 % of benzpyrene, and Berenblum has more recently 
devised (1945) a relatively simple procedure (starting from 
the fact that sulphonation of benzpyrene does not readily 
occur with sulphuric acid alone in the cold), whereby as 
much as 75 mg of almost pure benzpyrene can be recovered 
from 10 g of a crude tar distillate 
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IV 



5-methyl* 

I 2-benzanthracane 


V 



9-methyl- 

I 2-benzanthracene 


VI 



CH 3 

10-methyl 

I 2 benzanthracene 



5 6-dimethyl-l 2-benzanthracene (VII) is more active 
the compounds possessing only one methyl group ^P 2 * * 05 * * * * *. , 
5 or 6, high activity is shown by 5 9- and 5 10 , 

1 2-benzanthracene (Fieser, 1936) (VIII, BO, and ^ 
potency is reached in 9 10-dimethyl-l 2 -benzan 
(Bachmann, Kennaway & Kennaway, 1938) (X) 


2 Benzanthracene Homologues 

Cook’s (Barry, Cook, Haslewood, Hewett, Hieger & 

Kennaway, 1935) study of the benzanthracene homologues 

first disclosed the great significance of position 5 in the parent 

hydrocarbon whereas benzanthracene itself is non-carcmo- 

gemc or only very weakly active, methyl substitution m this 

position confers a high order of potency (TV) This is 
probably a factor underlying the activity shown by com- 

pounds in which an additional ring finds one point of 
attachment m the same position, as, for example, in 

1 2 5 6-di benzanthracene (II) It was later shown that 
methyl substitution m positions 9 or 10 (V, VI) also leads 
to highly carcinogenic compounds, and indeed 10-methyl- 
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VII! 


IX 



5 9-dimethyl 
I 2 benzanthracene 



5 10-dimethyl- 
I 2 benzanthracene 


X 



activity which is slow m the first position (to n-heptylj and 
much more rapid in the second 
These facts at once suggest the dependence of activity on 
an optimal molecular complexity, a conclusion which Cook 
(Barry et at , 1938) had stressed at an early stage in these 
investigations, and which is upheld by many later examples 
The limits of complexity compatible with activity are repre- 
sented by two hexacycbc hydrocarbons, 1 2 3 4- and 
3 4 8 9-dibenzpyrene (XV XVI) 

XV 


XVI 




It is possible that still greater augmentation is effected by 
methyl substitution simultaneously m three favourable 
positions as in 5 9 10-tnmethyl-l 2-benzanthracene (XI) 
and 9-methyl-l 2 5 6-dibenzanthracene (XII) 


XI 


XII 



5 9 IQ-tnmethyl- 
• 2 benzanthracene 



There is a limit to advance m potency by increase in 
number of substituted positions since the compounds in 
which the four most favourable are substituted (5 6 9 10- 
tetramethyl-1 2-benzanthracene (XU) and 9 10-dimethyl- 
1 2 5 6-dibenzanthracene (XIV) show decreased activity 
as compared with XI and XIL Furthermore, increase m the 
alkyl-chain length at positions 5 or 10 leads to decline of 


Apart from cases in which activity is reduced, apparently 
by increase in molecular size or complexity, one or two 
examples may be quoted in which substitution in a position 
m itself not favourable to activity, or only slightly so, simul- 
taneously with substitution m a favourable position greatly 
reduces the activity due to the latter Two remarkable cases 
are seen in the inactive compounds T 10-dimethyl- 
1 2-benzanthracene and 3 9-dimethyI-l 2-benzanthracene 
(XVH, XVIII) [Compare the active isomendes (IX) and 
(VIII) respectively ] 

XVII 


CH 3 



3 9-dimethyP 
I 2-benzanthracene 


XIII XIV 




The nature of the substituent is also capable of vanaUons 
compatible with activ ity as in many compounds with oxygen- 
nitrogen- and halogen-contaming groups mostly in positions 
10, 9 and 5 in 1 2-benzanthracene As might be expected 
however [cf the article 3 m this number by Boyland & 
Weigert (1947) ] introduction of phenolic groups usually 
entails complete loss of carcinogenicity and it is a general 
rule though not quite an invariable one, that the same result 
follows the hydrogenation of individual rings examples of 
the latter are shown in the inactive compounds XIX XX 
and XXI 
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XX 


XXV 



9 IO-dlhydro-IO-methyl- 
I 2-benzanthracene 



1' 2' 3' 4'-tetrahydro- 
I O-methyl- 1 2-benzanthracone 

XXI 



5 6 7 8-tetrahydro- 
10-methyl-l 2-benzanthraceno 


3. Chrysenes and Benzphenanthrenes 

Many of the cases quoted above permit some degree of 
analogy with derivatives of 3 4-benzphenanthrene and 
chrysene, and it may be recalled that while Cook (Cook & 
Hewett, 1933) regarded 3 4-benzpyrene as most-nearly 
related to 1 2-benzanthracene (as m XXII), for other 
reasons Fieser (1941) suggested it should more suitably be 
formulated as a chrysene derivative (as XXD3) 

XXII XXIII 



Marked progress was achieved on complete examination 
of the 6 possible hydrocarbons consisting of 4 condensed 
aromatic rings, and of the 15 compounds having 5 such 
rings This revealed carcinogenic activity m 3 4-benz- 
phenanthrene (XXIV) and in 1 2 3 4- and 1*2 5 6- 
dibenzphenanthrene (XXV, XXVT), and it also appeared 
that chrysene, as well as 1 2-be n z an thracene and 3 4-benz- 
phenanthrene, must be regarded as a parent compound of 
carcinogenic derivatives The next stage in this fascinating 
correlation was due to Hewett (1940) Each of these hydro- 
carbons is a derivative of phenanthrene, substituted m two 
of the 1-, 2-, 3- and 4-positions Further substitution in 
either or both of the remaining positions gives nse to highly 
carcinogenic hydrocarbons (e g 2-methyI-3 4-benzphenan- 



benzphcnanthrene 



12 3 4- 
dibenzphenanthrena 


XXVI 



thrcno (A), 1 2 3 4-dibenzphenanthrene (B), 1 2 

dimethylchrysene (Q, 3 4-benzpyrene (D), 9 10 dimethyl 
1 2-benzanthracene (E) ) Moreover, substitution is effec 
tive whether by two benzene rings or by one benzene ring and 
one or two methyl groups , this finally led Hewett & Martin 
(1940) to the synthesis of 1 2 3 4 -tetramethyIphenan 
threne (F)— a key compound which is slightly carcinogenic, 
links the active derivatives of 1 2 -benzanthracene, 
3 4-benzphenanthrene and chrysene, and may be regarded 
as the prototype of all these compounds 




(Numbering indicates relation to phenanthrene) 


Even the phenanthrene nucleus is not in 

tivity is marked in structures XXVII and X* ^ 
rtarn dibenzfluorenes (eg. XXIX and .n^-thyi 
i tec table in as simple a compound as y 
ithracene (XXXI) 
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XXVII 



a*-dehydro-3 4-trImethy!ene 
hobanzanthrene-2 


XXVIII 



S 10-dlmethylene- 
2 cydopentenoanthracena 


XXXIVa 


XXXIVb 



20-methy!cholanthrene 


XXIX 



12 5 6 - 
dibenzfluorene 


XXX 



dibenzfluorene 


XXXI 



4 Possible Implications for the Spontaneous Ongm 
of Cancer 

Thus far, the clues drawn from industrial skin cancer had 
led to the chemical identification of the substance responsible, 
and to the discovery of other aromatic hydrocarbons, mostly 
related to benzanthracene, and possessing carcinogenic 
properties The possibility that such compounds might play 
a part in the causation of “ spontaneous ” cancer was opened 
up by recognition, following the advances in sterol formula- 
tion due to Rosenheim & King m 1932, that many naturally- 
occumng compounds (including bile-acids and the sex 
hormones) have somewhat similar condensed polycyclic 
systems Thus dehydronorcholene (XXXIII), a hydrocarbon 
prepared by Wieland & Schhchtrag from the bile-acid 
deoxycholic acid (XXXII), is a hydro-derivative of 
1 2-benzanthracene, and in 1933 both Wieland & Dane, 
and Cook & Haslewood, obtained from it, by dehydrogena- 
tion with selenium, the fully-aromatic hydrocarbon methyl- 
cholanthrene (XXXIVa or b) 


XXXII 


XXXIII 



This compound soon proved to have carcinogenic potency 
of an extremely high order — as Cook (1933) had indeed 
predicted The structure was rapidly established and con- 
firmation provided by its synthesis (Fieser & Sehgman, 1935) 
and the compound was also obtained starting from cholic 
acid (Fieser & Newman, 1935) 

There is as yet no proof that changes of the kind envisaged 
take place in vivo, and chemists are still divided as to then 
likelihood Both cholic acid and deoxycholic acid have a 
hydroxyl group in such a position (Kennaway & Hieger, 1930) 
as would promote the necessary cychzation of the side-chain 
Further, from other cases in which there was no such special 
circumstance to favour nng-dosure. Cook was of opinion 
that certain sterol molecules might possess an inherent 
tendency to conversion into a methylcholanthrene derivative. 
However, as has already been indicated, marked carcinogenic 
activity is not generally found in compounds possessing 
hydrogenated rmgs, so that a further stage of dehydrogena- 
tion would be required Important here is a finding by 
Ghiron, confirmed by Kennaway (Cook Kennaway & 
Kennaway, 1940) that injection of deoxycholic acid itself 
may result m the production of connective- tissue tumours 
in mice m such a case it would be of interest to know — 
although it is difficult to tell how the question might be 
solved — whether deoxycholic acid is intrinsically active or 
is subject to a transformation in vivo yielding traces of an 
active product One of the best analogies for the conversion 
of a hydrogenated nng-system into an aromatic one is 
provided by the oestrus-producing hormone equilemn 
(XXXV), possessing two aromatic rings and probably 
arising from a non-aromatic steroid precursor (Sandulesco, 
Tchung & Girard, 1933 , Fieser 1941) 

XXXV 



It may be noted in passing, as having an important 
bearing on the biogenesis of the steroids — whether, for 
example cholesterol is the precursor of the bile-adds and 
sex hormones, or whether biosynthesis may proceed from 
three-carbon sugars after the hypothesis of Reichstem, or by 
a scheme involving tyrosine according to Robinson’s sugges- 
tion — that Bloch (1945) has recently adduced evidence of 
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direct conversion of cholesterol to progesterone as a normal 
process, through administration of deutenocholesterol to a 
pregnant woman, and isolation from the urine of sodium 
pregnanediol glycuromde containing concentrations of the 
isotope indicating that two-thirds of the progesterone 
metabolized arose by degradation of cholesterol 
In Fieser’s (1941) view the rough structural analogy between 
equilenm and methylcholanthrene suggests that, if the latter 
does indeed arise by a process of abnormal sterol metabolism, 
this process may be closely associated with the normal one 
which results m the production of oestrogenic hormones 
He, therefore, invited consideration of the production of 
carcinogens from the principles of the adrenal cortex, 
visualizing such reactions as might ensue from the condensa- 
tion of dehydrocorticosterone (XXXVI) with formaldehyde 
to give cholanthrene (XXXVII), and of oestrone (XXXVIII) 
or equilenm with pyruvic acid, followed by aromatization, 
ring-closure to give the terminal benzenoid nucleus and 
further dehydrogenation 


XXXVI 


A 

I 


H ' C ^0 / 

» / 



XXXVII 



cholanthrene 


XXXVIII 


XXXIX 



oestrone 3-hydroxycholanthrene 

(plus pyruvic acid) 


A difficulty arises here (as also for deoxycholic acid 
above), since the product, because of the persistence of the 
original hydroxyl group at C 3 characteristic of all known 
natural partially-aromatic oestrogens, would be a 3-hydroxy 
derivative (XXXIX) and therefore unlikely to be carcinogenic 
on analogy with the known inactivity of the synthetic com- 
pound 3-hydroxy- 20- methylcholanthrene A highly relevant 
observation was, however, made by Burrows, Cook, Roe & 
Warren (1937) when they isolated from the urine of a male 
with an adrenal tumour a substance — A 3 5 -androstadiene- 
17-one (XL)— lacking this characteristic 3-hydroxyl group, and 

320 


so show, ng that Ihe CVhydroxyl may in cmam oreamsta 
be eliminated while the rmg-system is still non aroma!,: 
Ihe same compound was later isolated by Wolfe (Wolfe 
Fieser & Friedgood, 1941) in Fieser’s laboratory, from the 
urine of a female with adrenal tumour. 


XL 



a 3 5 -androstadiene-l7-ona 


Shoppee (personal communication) points out that the 
structural analogy between a norcholamc acid (as XLI) and 
methylcholanthrene (XLII) is paralleled by the even closer 
analogy between 17-methyl-D-homoandrostane (XL1II) and 
the carcinogenic methylchrysenes (as XLIV) , and Fieser’s 



941) opinion that the cortical steroids seem the more like ) 
ecursors of possible carcinogens in vivo, has a very particu ar 
pnficance for the remarkable case of the CE strain of mi* 
which either ovariectomy or castration shortly after 1 ^ 
ids to the development of adrenal-cortical carcinoma 
nceivably arising from a response on the part o 
renal to compensate for the absence of the gonads (Fe e 
ttie, 1945) This phenomenon is considered in detail 
e article 1 m this number by Burrows & 
d it should also be noted that Woolley & Little (1 ) 

>re recently described the prevention of adrena co 


5 Oestrogens and Cancer 

The above account is sufficient to indicate the 
way in which the structure of purely extraneous carcmW 
and even more of synthetic variants which we have 
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to believe have ever existed under natural conditions can 
nevertheless provide indications both of a certain affinity 
with substances of importance in the animal economy, and 
of the means by which fully aromatic carcinogens might 
conceivably be formed as a result particularly of some local 
disturbance of sterol metabolism A more direct connection 
between carcinogenesis and a physiologically important 
molecule was discovered by Lacassagne in 1932, when he 
found that injection of the female sex hormone produces 
cancer of the breast in male mice, under certain favourable 
conditions We now know that the appearance of breast 
cancer in mice is determined by a number of predisposing 
and conditioning factors Also, the carcinogenic action of 
the oestrogens is mainly confined to tissues which are highly 
responsive to their physiological action Nevertheless 
Lacassagne’s experiment was the first in which cancer was 
produced by a naturally-occurring compound. To what 
extent this subject has ramified is shown by Burrows & 
Homing’s (1947) article 4 on oestrogens and neoplasia, with 
its detailed accounts of the production of pituitary, mammary 
uterine, testicular, adrenal, subcutaneous leukotic and 
osseous tumours m mice and other species with both natural 
and synthetic oestrogens About the time of Lacassagne’s 
original observation Cook & Dodds (1933) showed that 
individual synthetic compounds — e g 5 6-ci c/openteno- 
1 2-benzanthracene (XLV) and 3 4-benzpyrene (III) — 
might show slight oestrogenic as well as carcinogenic activity 
and oestrogenic action was also discovered in certain 
di alkyl denvaUves of 1 2 5 6-dibenz-9 10-dihydro- 
anthraqumol (XLVI) 


XLV 



di alkyl- 

dibenzanthracene diols 


XLVll 



diethylstllboestrol 


XLVI1I 



tnphenylethylene 


XL1X 



L 


chrysene 



So far as polycyclic aromatic compounds are concerned 
by far the highest oestrogemc activity yet encountered was 
observed by Haddovv & Badger (unpublished) m 9-methyl- 
1 2-benzfluorene In a closely-related senes of benz- 
fluorenes, oestrogemc action was specific to this individual 
compound, a fact which may be related to its schematic 
similarity to diethylstilbene, as shown in LI and LII 



9 methyl 1 2 benzfluorene 


LII 



This work soon led to larger-scale researches by Dodds 
nnd Robinson and their collaborators (Dodds Goldberg 
Lawson & Robinson, 1938), and to the synthesis of artificial 
oestrogens of extraordinary potency Among such com- 
pounds discovered later diethylstllboestrol (XL VII) and 
tnphenylethylene (Robson & Schonberg 1937) (XLVUI) are 
now known to be specially capable of inducing breast- and 
estis-tumours in mice of susceptible strains These structures 
should be compared with oestrone (XLIX) and chrysene (L) 
and it may be noted that tnphenylethylene may also be 
ormulated as a phenanthrene derivative with one nng 
srupted or possibly as a benzanthracene system with two 
rings disrupted 
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6 Nitrogen- and Sulphur -containing Analogues 2-Amino 
Demahves of Naphthalene, Anthracene and Fluorene 

Carcinogenicity is by no means restncted to cyclic hydro- 
carbons for it is found m certain nitrogenous analogues such 
as dibenzacndmes and dibenzcarbazoles (e g. LIU LTV) 
Lacassagne Rudali Buu-Hol & Lecocq (1945) and Lacas- 
sagne (1946) have recently devoted attention to a senes of 
methylated denvatives of the angular benzacndmes (LV LVI) 
and find a marked distmcUon m that such denvaUves of 
1 2-benzacndme include many highly potent compounds 
while similar denvatives of 3 4-ben7a.cn dins are for the 
most part inactive 
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multiple hepatomas m mice, and this to 2-ammofluorene (LX) 

n £ envat ‘ ve of wIuc h was discovered by Wilson' 

De Eds & Cox (1941), following its use as an insecticide, to 
possess carcinogenic activity of an exceptionally diversified 
type. The capacity of 2-acetylammofluorene to produce such 
varied growths as squamous keratinizing carcinomata, basal 
cell carcinomata, mammary cancer, adenomata and carcmo 
mata of the lung, benign and malignant tumours of the liver, 
and tumours of the bladder and kidney, has been sufficiently 
described m this number by Bielschowsky 8 (1947), and no 
further reference need be made to this subject here 
Finally, as additional examples of the manner m which 
the polycyclic hydrocarbon pattern can be modified, while 
still retaining carcinogenic potency, may be quoted the 
compounds LXI (Sandrn & Fieser, 1940) and LXII (prepared 
by Tilak, 1946), m each of which a benzene ring of the 
9 10-dimethyl-l 2-benzanthracene system is replaced by a 
thiophene nucleus 


I 2-benzacridme 3 4-benzacridine 


Some years ago, Boyland (Boyland & Brues, 1937) directed 
special notice to 3 4 5 6-dibencarbazole (LVTI), on 
account of its possible formation from 2-naphthylamine 
(LVin), one of the intermediates believed to be responsible 
for occupational cancer of the bladder in dye-workers 
(Rehn, 1895), and now known to be able to induce this 
disease experimentally in dogs (Hueper, Bonser) 5 . 3 * 4 • 5 • 6- 
Dibenzcarbazole has the property of inducing tumours not 
only locally, but m the liver as well, and this type of carcmo- 
genic action at a distance is found to be thoroughly 
characteristic of many such nitrogenous analogues, in 
contrast with the polycyclic hydrocarbons, the effects of 
which are more usually confined to the point of application 
or injection. The effects of methylation on the carcinogenic 
activity of 3 • 4 : 5 : 6-dibenzcarbazole has recently been the 
subject of a special study by Kirby & Peacock (1946) 
2-Naphthylamme is in turn related to 2-anthramine (LIX), 
which was originally observed by Shear (1938) to produce 


LVII LVIII 

H 



7 Azo Compounds 

Of the remaining chemical carcinogens, a great number 
fall in the class of azo compounds As early as 1906, 
B Fischer described epithelial proliferation (in die ears of 
rabbits) following the injection of scarlet red (Biebricb 
Scarlet R medicinal) (LXIII). Although the growths were 
non-mahgnant, Fischer rightly claimed his discovery 3S the 
first case of the induction of tumour-like proliferation by a 
chemical compound. A few years later, Hayward (1909) 
found that the active part of the scarlet-red molecule was 
represented by 4'-ammo-2 3'-azotoluene (LXIV) Scarlet 
red was also used by Yamagiwa, but his success in producing 
malignant growths by coaltar seems to have diverted attention 
from the azo compound. 

LXIII 


3 4 5 6-dlbenzcarbazole 2-naphthylamme 





2-anthramine 

2 aminofluorene 


4'-aciuno-2 3 ' azotoluene 
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In 1924 Schmidt, during a study of “ Sudan ” d>es in vital 
staining noted that feeding of scarlet red produced epithelial 
proliferation (adenoma) in the liver of mice This observa- 
tion remained largely neglected, and little progress was made 
before 1931, when Yoshida (1934) observed the production 
by means of 4'-ammo-2 3'-azotoluene of liver-tissue 
proliferation in mice Varying his technique, Yoshida was 
able to report liver tumours in rats which had been given the 
same compound over long periods m the diet 
Kinosita (1940) later examined many other derivatives of 
azobenzene, and found an isomer of aminoazotoluene — 
4-dimethylaminoazobenzene (LXV) — to be highly active m 
producing liver tumours This substance, with 4'-amino- 
2 3'-azotoluene and 2 3'-azotoluene (LXVI), is also capable 
of producing connective tissue growths Yoshida also noted 
in a few of his animals, papilloma-formation in the stomach 
and bladder, and bladder tumours were later obtained with 
2 3'-azotoIuene Recently Kirby (1944) has examined the 
carcinogenic effect of 4-aminoazobenzene itself 


LXV 


y-N=N^^-N 



4-dunethyIaminoazobenzene 
( butter yellow ) 


LXVI 


^3~N=N— 

CH S CH 

2 3' azotoluene 


3 


In other attempts to produce bladder cancer. Cook 
Hewett Kennaway & Kennaway (1940) selected the three 
■azonaphthalenes, on the supposition that these might arise 
by oxidation of mixtures of naphthylamines and so be 
present in the crude bases, exposure to which is a factor m 
hie occupational incidence of the disease m chemical workers 
No tumours of the bladder were obtained, but liver changes 
m mice, similar to those reduced by the azobenzene deriva- 
tives resulted from treatment with 2 2'-azonaphthalene 
(LXVII) Since azo compounds may be reduced re the body 
to amines by way of tne hydrazo compound and since this is 
susceptible to rearrangement Cook and his colleagues 
(.Cook et al , 1940) then made tests with the compound 
which might thus be expected viz 2 2'-diamreo-l T- 
Qi naphthyl (LXVIII) This reduced liver tumours with even 
greater facility than 2 2'-azonaphthalene a finding of 
interest since the diammodmaphthyl readily undergoes 
deamination to 3 4 5 6-dibenzcarbazole (LVII) which 
previously stated itself produces liver tumours as well as 
s m cancer nnd malignant connecUve tissue tumours re mice 


LXVII 



2 2 ' azonaphthalene 


LXVIII 



8 Derivatives of 4-Aminostilbene 

An entirely new class of carcinogenic substances has 
recently been discovered, by means of an approach quite 
different in character from any so far considered (Haddow 
Harris & Kon 1945) In an investigation of the mode of 
action of carcinogens one of the writers described a growth- 
retarding or inhibitory effect possessed by many of the 
polycyclic aromatic hydrocarbons, the nature and possible 
significance of which will be furthei discussed in a following 
article 7 (Haddow 1947) Suffice it to say here that evidence 
of very different kmds has meantime been collected which 
supports a causal connection between these two biological 
properties of carcinogenicity and growth-inhibitory power 

During earlier experiments several instances were 
encountered re which the inhibitory property was detected 
re hydrocarbons then believed to be non-carcreogemc 
on the basis of a given experiment In a few such cases 
(of which 3-methyl-l 2-benzanthracene was a striking one) 
subsequent re-test showed the compound to be re fact 
carcinogenic and sometimes markedly so, especially when 
administered by the subcutaneous route in preference to 
application to the skin Although cases of this kind could 
in no sense te a proof of the suspected relationship 
(which was, however highly probable from a statistical 
analysis of all the results accumulated), they did allow a 
certain degree of confidence Later experiments covering 
a wide variety of chemical classes such as the polycyclic 
hydrocarbons many heterocyclic analogues, azo compounds 
synthetic oestrogens and others, revealed interesting examples 
of variation in inhibitory power which again could often 
although not always be related with carcinogenicity or 
its absence 

In due course attention became directed to 4-dimethyl- 
ammostilbene (LXEX , R = CH,), when it was at once 
apparent that this type exhibited the seemingly characteristic 
inhibitory property to a high degree (on average, approxi- 
mately tenfold that shown by the carcinogenic hydro- 
carbons) Notwithstanding the fact that this compound and 
even more 4-ammostilbene (LXIX , R = H) are highly 
toxic, examination of other compounds (e g LXX) showed 
that certain features at any rate of this toxicity were not 
essential for the production of the growth-retarding effect 
Since many compounds of the senes, of which LXXI is 
another example showed this biological property par 
excellence steps were at once taken to test whether these 
compounds too were endowed with carcinogenic properties 
It soon became apparent that this was m fact the case and 
not merely so but that their carcinogenicity had features 
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of a novel kind. For compounds LXIX, LXX and LXXI. 
with acetylaminostilbenc in addition, carcinogenicity has been 
demonstrated m the albino rat, m all cases by subcutaneous 
uyection, and for 4-dimethylaminostilbene also by incorpora- 
tion in the diet Sarcomata have also been produced in mice 
by subcutaneous injection of both 4-ammo and 4-dimethyl- 
aminostilbene, but the yield of tumours is small, and it 
appears that die carcinogenicity of these compounds for the 
mouse is probably considerably lower than for the rat. This 
species-difference is specially interesting, smce it appears 
also to apply to the inhibitory effect, the latter being much 
more striking m the rat. Tumour-production in the rat was 
characterized by a relatively long latent period (6-12 months 
or more), and by a substantial yield of tumours both at the 
site of injection and at a distance of the compounds tested, 
the greatest activity so far is shown by LXXf. 

The tumours produced by these compounds in the rat 
include sarcomata at the point of injection, basal-celled 

LXIX 


;n^>ch=ch 

R 

4-dlaIkylamlnostllbenes 
(R - H. CH„C,H,) 



LXX 



CH 3 

2'-methyI-4-dimethyiamino' 

stilbene 


LXXI 

CH 3 

ch 3 

a-(4-dlmethylamInophenyl)-H iI - na P hth y | )-ethyIene 



carcinomata, carcinoma of the eye-lid, squamous-celled 
carcinoma, particularly arising from the epithelium of the 
externa! acoustic duct on one or both sides, but also occurring 
'on the face and in other regions, distant and multiple 
subcutaneous fibromata, cholangiomata of the liver, multiple 
fT] ^mrn ar y fibro-adenomata in females (in 
many cases accompanied by cholangiomatous ru rQ NH 
and other changes in the liver), adenomata of 3 
the lung, and a few examples of intestinal carci- 
noma and hypernephroma 
The nature of these tumours, and their 
distribution, is somewhat reminiscent of the 
variety of neoplasms produced by 2-acetyl- 


aminofluorene, and it is particularly striking as 
Bieischowsky (1946), too, has remarked, that squamous 
keratinizing carcinomata of the acoustic duct should be 
produced by 2-acetyiammofluorene, 2-ammoanthracene and 
derivatives of 4-ammostilbene, smce this species of tumour 
had not been previously described. Of course, there are 
certain differences in detail between the carcinogenicity of 
2-acetyIaminofluorene and that of the ammostdbenes- 
witness the facility with which sarcomata are produced by 
the latter, and the relatively benign character of the mammary 
tumours induced with ammostilbenes But the general 
biological similarity is undoubtedly striking, and may reflect 
a certain degree of chemical affinity between 2-ammofluorene 
and 4-ammostUbene, which will be referred to elsewhere 

A useful feature of the ammostilbene series is the relative 
facility with which a programme can be designed to decipher 
the relationships between chemical constitution and biological 
action. Of course, there must still remain the necessarily 
lengthy process of direct test for carcinogenicity, but so far 
as the inhibitory effect alone is concerned, activity would 
appear to depend essentially upon a basic group m the 
p or o position, an ethylene badge (and not one of three or 
more carbon atoms) in which neither hydrogen atom must be 
substituted, a free p' position, and the irons configuration of 
the molecule as a whole 

In an extension of the above lead, which is being earned 
out by Mr D. M Brown, interesting cases are being dis 
covered m which ring B can be replaced by various hetero- 
cycles, while still retaining growth-inhibitory capacity. One 
such type is represented by 2 -( 4 -dimethylamino)-styryl- 
qumolme (LXXII), which, again, shows inhibitory properties 
which suggest that it should be tested for carcinogenicity 
This compound is of special interest smce, if the test proves 
positive, the question will be raised whether the carcinogenic 
activity of the trypanocide styryI-430 (LXXIII), originally 
described by Browning, Gulbransen & Niven (1936), may be 
connected with the styrylquinohne fragment which this 
compound contains in its structure 

Although the range and diversity of carcinogenic com- 
pounds is nowadays such as might throw doubt on t 
likelihood of any underlying chemical specificity of their 
action, such possibilities, and other examples already quo 
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in the cjclic hydrocarbons, azo compounds and carbazoles 
show that there may after ail be not merely a community of 
structure between acti\e compounds of a given class, but 
that remarkable linkages between one class and another may 
also be found Such linkages between the carcinogenic 
azo-compounds and carbazoles, between amtnoanthracenc 
aminofluorene and the ammostilbenes, and possibly between 
aminostilbenes and such an apparently exceptional compound 
as styryl-430, offer the prospect of eventually establishing a 
more comprehensive and m eanin gful relaUon between 
molecular features and biological action. 


9. Miscellaneous Substances , Radioactive Elements, 
Arsenic, Urethane 

While the above survey is probably sufficient for the main 
purpose of the present symposium, it by no means completes 
the list of carcinogenic agents Since cancdr attributable to 
arsenic is separately considered by Dr Cume elsewhere 8 , no 
further reference will be made to it here Perhaps the most 
important re mainin g class is the radioactive elements, and a 
voluminous literature now testifies to the exceptional produc- 
tion of tumours by the salts of radium, thorium, mesothonum 
and by radon. The potential carcinogenic action of radio- 
active paints has long been recognized as an important 
industrial risk from the work of Martland (1931) and of 
Martland & Humphries (1929), and it is clear that modem 
developments in atomic physics, in rendering available 
radioactive isotopes in increasing variety and abundance, 
must greatly add to the scientific and practical problems 
wfuch the potential carcinogenicity of such substances 

creates 

A progress report has just appeared (Brues, Lisco & Finkel, 
1947) on the late effects in different animal species of exposure 
to plutonium and various radioactive products of uranium 
fesion. Radioactive strontium (Sr“), with a 55-day half-life, 
has a marked tendency to concentrate in the skeleton and to 
produce tumours of bone m mice Bone sarcomata are also 
produced by radioactive cenum-presyodymium (Ce 1 “-Pr l “) 
mid by plutonium (Pu m ) Following subcutaneous adminis- 
tration of 1 ng. of the last element, fibrosarcomata also appear 
at the site of injection. The carcinogenic effect in rats and 
trace of high-energy radiations associated with the uranium 
cham reaction are also described by Henshaw, Riley & 
tstapleton (1947) With penetrating radiations, the main 
terminal effects are generalized atrophy and the appearance 
°t neoplasms of the haemopoietic tissues and mediastinal 

* 977] 


lymphomatosis When non-penetrating radiations were used, 
the changes were limited mainly to the skin Several months 
after single massive doses, in animals which rarely showed 
spontaneous skm lesions of any type, the incidence of 
carcinoma was raised to 100% and the number of tumours 
per animal was as great as 50-100 

Among recently-discovered carcinogens of a different kind, 
special interest attaches to urethane, which was shown by 
Nettleship & Henshaw (1943) to have the power of greatly 
increasing the incidence of lung adenomata m mice This 
observation has now been completely substantiated by 
others in particular, Jaffe (1944) found that all animals, 
in a strain not showing lung tumours spontaneously, had 
developed such tumours after 157 days from the first of 15 
injections of a 10% urethane solution, or after 119 days on 
a diet containing 0 2% of urethane These experiments 
further showed the high specificity of urethane upon the 
lung tissue of mice, since methylcholanthrene, m the same 
stock, produced an incidence of pulmonary adenomata of 
only 8% More recently, Larsen & Heston (1945) have 
brought forward evidence of the chemical specificity of the 
effect since it is essentially confined to urethane itself (ethyl 
carbamate), is not shown to any extent by other alkyl carba- 
mates, is considerably modified by substitution of either or 
both of the ammo hydrogen atoms of ethyl carbamate and 
is absent in the case of a considerable number of barbitunc- 
acid denvatives and other narcotics 

***** 

Enough has been said to indicate the history of experi- 
mental carcinogenesis, the great number and variety of pure 
compounds now known to possess carcinogenic properties 
and the fascinating relationships often seen to exist between 
one class and another While the list is almost certainly 
incomplete, the discovery of fresh examples will be valued in 
future not only for then own sake, but increasingly in 
proportion as they facilitate a more complete synthesis of all 
our available knowledge From the days when the deliberate 
induction of cancer was a novelty, even when achieved with 
as crude a mixture as coaltar, or pitch, the whole subject has 
been steadily active and growing, although with many a 
change of emphasis It now enters upon an entirely new 
phase, in which attention is tending progressively to concen- 
trate upon problems of mode of action that is the intimate 
details of the manner in which the carcinogen converts the 
normal cell into a malignant one This different aspect is 
treated separately below 9 
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SOME PHYSICAL METHODS OF , 1 
INVESTIGATING CARCINOGENIC 
HYDROCARBONS 

I. BERENBLUM, M D , M Sc. 

Oxford University Research Centre of the British Empire Cancer 
Campaign, Sir William Dunn School of Pathology 

E R. HOLIDAY, M A , B M , B Ch 
E M JOPE, M A , B Sc 

London Hospital 

Rapid advances in chemical and biological sciences are often 
made possible by timely discoveries of appropriate physical 
methods. An example of this is seen in the field of carcino- 
genesis connected with polycyclic hydrocarbons. The 
following is a short account of the scope (and limitations) 
of the methods that have proved most valuable, with brief 
mention of certain others of more recent and less extensive 
use, which may possibly find wider application in the future. 


/ Berenblum, L R Holiday cr b A! Jope 

1* Naked-eye and Microscopical Examination of 
Fluorescence 

Most aromatic polycyclic hydrocarbons, and many oft h« 
derivatives, fiuoresce in ultra-violet light, and can thus bo 
detected, often in very small amounts, by such illumination. 
Advantage has been taken of this m chromatography (seo 
below), and also in a variety of biological studies (see Peacock, 
1940 , 1944) Naked-eye and microscopical examination of 
animal tissues in ultra-violet radiation has played an 
important part m such studies as (i) the distribution of 
carcinogens in various parts of the body after injection 
(Peacock, 1936, 1940, Domach, Mottram & Weigert, 

1943a, b), (u) their persistence m the skin after application 
(Hieger, 1936 , Simpson & Cramer, 1943 , 1945), (iu) as.a 
preliminary indication of their maimer of metabolic con 
version and elimination m vivo (Peacock, 1936, and others , 
see review by Boyland & V/eigert, m this number 1 ), and 
(iv) as a histochemical procedure (Graffi, 1939) Spectra 
graphic analysis of the emitted fluorescence has, howeier, 
provided more precise information, and calls for fuller 
discussion. 

2. Fluorescence Spectrographj 

The mtroductxon of the spectrographic study of fluorescent 
light (Mayneord, 1927), as a method of investigating complex 
mixtures of hydrocarbons m tar, served as an essenual step 
in the woik which led to the isolation and identification of 
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benzpyrene as a cancer-producing constituent of pitch 
(Hieger, 1930, 1937 , Cook, Hewett & Hieger, 1933) 

Working on the problem of carcinogenic tars and oils, 
Hieger (1930) msestigated the fluorescence spectra of a wide 
range of hydrocarbons and related compounds, and found 
many of the polycyclic members to possess banded spectra, 
some of which appeared sufficiently distinctive (in pattern 
and positions of the bands) to characterize them with some 
confidence (This property proved especially valuable in the 
isolation of 3 4-benzpyrene.) In some cases, however 
dissimilar compounds (or different derivatives of the same 
compound) appeared to possess identical spectra This low 
specificity was due in part to the use of a spectrograph of 
tow dispersion, but depended more on the fact that the 
individual bands were few in number and not always sharp 

In recent studies (Berenblum &. Schoental, 1946), some of 
the difficulties have been overcome by the use of a spectro- 
graph of larger dispersion, and more especially by the inter- 
position of a “ moving wedge ” near the slit, thereby con- 
verting the wide bands into peaks (see Fig 1) In comparing 
the spectra of different polycyclic hydrocarbons,, isomeric 
substitution products, and related compounds, they were 
able to show a considerable degree of specificity (e g sufficient 
to differentiate the six isomeric methoxychrysenes), though 
confirming Hieger’s main thesis that identity of fluorescence 
spectrum does not always denote proof of identity in 
structure 

The advantages of fluorescence spectrography are that 
(0 the procedure is simple once the apparatus is set up, 
(u) the method is highly sensitive requiring very small 
amounts of material (e g the benzpyrene bands are detectable 
in a concentraUon of 1 20,000 000 or less, though higher 
concentrations are needed for most other compounds), 
(ui) tests can often be carried out in the presence of impurities 
(provided that these are not highly coloured, or, if them- 
selves fluorescent, provided that the bands are in different 
positions), and (iv) the method can be adapted for quantita- 
tive estimauons (see below) A modification which provides 
fluorescence spectra of substances adsorbed on alumina 
columns or contained in tissues (Domach et al , 1943a) gives 
promise of further useful application 

The limitations of fluorescence spectrography are that 
0) the method is restricted to the class of fluorescent sub- 
stances that display banded spectra, (u) the specificity is, as 
already stated, only relauve so that while spectral differences 
are proof of non-identity of compounds similarities of 
spectra though mdicaUve of structural identity, cannot 
always be interpreted as proof of it, and (m) the results 
obtained are influenced by many factors, including the nature 
of the optical system the sensitivity of the plates, the solvent, 
the fight source etc , so that comparisons are valid only 
under given conditions (For fuller discussions, see Miller & 
Baumann 1943 , and Weil-Malherbe 1944, on quenching 
of fluorescence , Berenblum & Schoental 1946, on the use 
° , „ rescerlcc spectrography for identifying compounds , 
and Bowen, 1946 on theoretical aspects of fluorescence ) 


3 Absorption Spectra 

GbservaUons of spectral absorption of aromatic polycyclic 
an ^ tfrere derivatives have also considerably 
h >" u stU( ty carcinogens particularly of their distn- 
u ion between the various body-tissues (Jones 1942) and 
eir metabolism (Boyland Levi Maw son & Roe 1941 , 


Dobnner, Rhoads &Lavin 1939, 1942, Berenblum Crowfoot, 
Holiday & Schoental 1943 , Berenblum Schoental & 
Hobday, 1943 , Berenblum, Schoental, Holiday & Jope 
1946) The dosage of hydrocarbon required to initiate a 
tumour is often, however, far lower than that used in these 
metabolic experiments, and it remains uncertain whether 
the fraction of the hydrocarbon which is instrumental in 
carcinogenesis follows the same metabolic path as the bulk 
of material The minimal doses for carcinogenesis are 
probably too low for standard spectroscopic techniques to 
be applicable (but see section 7 of this review) 

The ultra-violet absorption spectra of these compounds are 
very intense and exhibit elaborate patterns of fine structure 
by means of which they can be identified even m small 
amounts These patterns depend upon the molecular vibra- 
tions, and isomeric compounds, denved from a given 
conjugated double-bond system with one substituent in 
different positions, show easily distinguishable spectra, 
though the general character is in each case recognizably that 
of the double-bond system Thus, Fig 2 and 3 show spectra 
of 3 4-benzpyrene and of its 5-, 8-, and 10-methoxy 
derivatives 

The usual spectral absorption curves are chiefly of use for 
quantitative studies (Chalmers, 1934 , Jones, 1942 , see 
below), which can be earned out on 0 5 n g or less of these 
hydrocarbons For the identification of these compounds 
however, the wavelengths of the fine-structure peaks must be 
measured accurately, and a technique has been devised 
(Holiday, 1937a , 1945) for obtaining these more satis- 
factorily than from absorption curves The spectrograms 
m Fig 2 were obtained by this technique and may be 
compared with the curves for the same compounds (Fig 3) 
Examination by this technique may be earned out on 
even less than 0 1 yg of many of these hydrocarbons, and it 
may be used to give information about such compounds 
with fine structure in their spectra even in very impure 
extracts (Holiday, 1937b), which is useful in biological 
work It is rapid semi-quantitative, pnd need not require 
very elaborate equipment 

Identification of these compounds from their absorption 
spectra is still largely a matter of comparison with the spectra 
of those whose structures are known from synthesis or other 
chemical arguments Mayneord & Roe (1935 1937) started 
a systematic collection of spectral data from model com- 
pounds, and subsequent work has been summarized by 
Jones (1943), but so many new compounds of interest in this 
field are bemg made that the work expands faster than it 
can be covered. Certain conclusions as to structure may 
sometimes be denved from more theoretical arguments 
Thus the structure of a partially hydrogenated dibenz- 
anthracene (I) may be deduced from the resemblance of its 
spectrum to the naphthalene type eliminating the benzanthra- 
cene (II) or phenanthrene-plus-benzene (IQ) structures 
(Mayneord & Roe, 1935 1937 , see also Kon & Roe 1945) 
Anomalies are however sometimes encountered m these 
cases (e g. Morton & de Gouveia 1934), and compansons 
with known structures are desirable whenever possible Such 
hydrogenated denvauves may occur among hydrocarbon 
metabolites (Berenblum et al 1946) 

The scope and limitations of fluorescence and absorpuon 
spectra may be compared AbsorpUon spectra are m general 
more specific than fluorescence spectra and are considerably 
less influenced by the experimental condiUons With these 
compounds the sensitivity of absorption spectra ob^erva- 
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FIG 3 SPECTRAL ABSORPTION 
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Crystallographic and A-ray examination have also proved 
useful in the identification of hydrocarbon metabolites 
(Chalmers & Crowfoot, 1941, Berenblum et al , 1943) 

5 Chromatography 

Though chromatography is nowadays accepted as a 
standard technique m most chemical laboratories, its applica- 
tion to polycyclic hydrocarbons is of special interest, first, 
because much of the existing knowledge about the relation 
of chemical structure to chromatographic behaviour was 
elucidated by the study of these compounds (Winterstem & 
Schon, 1934 , Winterstem, Schon & Vetter, 1934 , Winter- 
stein & Vetter, 1934), and second, because of the important 
role chromatography has played in the isolation of metabolites 
of polycyclic hydrocarbons (Chalmers, 1940, Dobrmer 
et al , 1942 , Berenblum & Schoental, 1943a , Berenblum, 
Schoental & Holiday, 1943 , Berenblum et al , 1946 , 
Weigert & Mottram, 1943, 1946, etc , see also review by 
Boyland & Weigert in this number) 

The use of chromatography for fractionating tars and oils 
has led to the unexpected detection of benzpyrene in shale 
oil, as well as to the separation of carcinogenic, benzpyrene- 
free fractions (Berenblum & Schoental, 1943b), and also of 
highly carcinogenic, benzpyrene-free fractions from coal 
tar (British Empire Cancer Campaign, 1943) 

6 Quantitative Estimations of Hydrocarbons 

The quantitative estimation of benzpyrene, and of other 
hydrocarbons, in biological materials (at various periods 
after injection of these compounds into the animal body) 
is based on one of two methods (i) by fluorescence spectro- 
graphy (by matching the intensities of the bands with those 
of standard solutions) or fluonmetry, and (u) by absorption 
spectrography (by extinction coefficients) With some 
tissues, simple extraction of the desiccated material with 
benzene, etc , is adequate, but with more complex materials 
(e g faeces), or with whole carcasses, preliminary chemical 
disintegration of the tissue, and elaborate methods of 
purification of the extracts, are necessary The former is 
usually achieved by boiling with alcoholic potash, while the 
latter (involving chromatography and other procedures) varies 
according to the degree and kind of purification required, 
i e whether for estimation by fluorescence spectrography 
(Berenblum & Kendal, 1936 , Berenblum & Schoental, 1942), 
absorption spectrography (Lorenz & Shear, 1936 , Dobrmer 
et al , 1942, Jones, 1942), or fluonmetry (Weii-Malherbe, 
1944) (For separation and estimation of intermediate 
products of metabolism of benzpyrene, see Weigert & 
Mottram, 1946) 

7 Aqueous Dispersion of Carcinogenic Hydrocarbons 

Aromatic polycyclic hydrocarbons are soluble in organic 
solvents and oils but insoluble in water Hence, solutions in 
benzene or acetone are usually used for skin painting and 
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solutions in oils for subcutaneous injection Certain in\e$u 
gallons (e g those involving intravenous injections) cannot 
be carried out m such media, and attempts have, therefore 
been made to circumvent the limitation of insolubility m 
water 

The preparations used include colloidal suspensions in 
water or aqueous gelatin (Boyland, 1932, Berenblum 
1932), aqueous solutions of complexes with bile acids 
(Winterstem & Vetter, 1934), suspensions in serum 
(Lorenz & Andervont, 1936), purines (Druckrey, 1938), 
glycerin (Graffi, 1939), olive-oil water emulsions (Lorenz 
& Stewart, 1940), and aqueous solutions of soap (Beck 
1943) None of these is ideal for all purposes, since the 
concentrations obtained are low, the suspended particles 
are coarse (and tend to form even coarser aggregates in the 
blood-stream, resulting m their accumulation in the lung 
capillaries, cf Peacock, 1940), and some, at least, of the 
preparations are toxic To overcome the difficulties, water 
soluble derivatives have been synthesized (Cook, 1931 , 
Fieser, Fieser, Hershberg, Newmann, Sehgman & Shear 
1937, etc ), but these, too, have serious limitations, since the 
stable derivatives have entirely new biological properties 
while the unstable ones revert quickly in the body into the 
(water-insoluble) parent hydrocarbon 

Stamer (1945) used aqueous suspensions by addition 
of poly-ethylene oxide types of compounds (e g “ Postonal," 
Damgefa Ltd , Copenhagen This procedure may 
prove to be the solution of this vexed problem, since high 
concentrations can be obtained, providing very fine emulsion* 
(which are not trapped m the lung capillaries) 


8 Future Developments 

An important possible development is the seeking of 
carcinogens in individual cells of tumour or other tissue 
by methods of spectromicrography similar to those developed 
by Caspersson (1940) and others No such work has yet 
been reported As the necessary equipment is elaborate, it 
is as well to know beforehand the probable limitations of c 
data obtainable Taking a spherical tissue cell of 10 m diam 
10® Mg of benzpyrene evenly distributed through lts 
plasm would show an extinction coefficient of about 0 
the peaks in the wavelength range 300-400 mi* , w ^' r ° ° . 
cell constituents absorb little Such absorption s 
detectable, and, by a modification of Hohtiay J n L uous 
technique, using a powerful hydrogen arc as a 
source, the fine structure patterns might be identi 
But such concentrations of hydrocarbons, co P 

to 2 Mg Per mg of tissue, represent a high degree J ^ 

tion of carcinogen, bearing m mind the sma n 

required to initiate a tumour The significant r bu ^ d 
molecules might well not be homogeneously di ^ 
through the cytoplasm, but spectromicrography m g” of 
local concentrations within the cell structure {o ^ 

some carcinogens Similar arguments may t i uor cscerux- 
possibility of obtaining useful results from A 
spectromicrography 
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References 

Sufficient has already been said in a previous paper 1 
(Haddow & Kon, 1947) to indicate the nature, number and 
great variety of the chemical carcinogens Several hundreds 
of these are at present known and while the list is almost 
certainly far from complete it is natural that less attention 
should now be paid to descriptions of the carcinogens 
alone and progressively more to their mode of action 

1 [flt/B 961) 


Hence, the problems of major importance which must now 
concern us are rather the nature of the structural rela- 
tionship between carcinogens of one chemical class and 
those of another, the extent to which any such com- 
munity of structure may signify a common principle of 
action, and finally, the nature of that action itself by which 
the biological change, from the normal to the malignant 
state, is achieved Before proceeding it may be noted how 
comparatively little m the way of correlation has been 
obtained, at least until very recently, by the use of purely 
physical methods, how fertile in contrast have been the 
suggestions arising from the chemical and biochemical 
attack, and how consonant these are with independent 
evidence from an exclusively physiological or biological 
approach, which has in itself been able to establish a practical 
working hypothesis comprehensive enough to include 
carcinogens of the most varied types and apparently 
sound enough to predict the activity of an entirely new 
class — the ammostilbenes 

1 Physical Properties 

So far as physical properties are concerned the great 
majority of all chemical carcinogens are virtually insoluble m 
water, although soluble in lipoids and to some extent m 
body-fluids such as serum and bile , but no relation exists 
directly at any rate between the greatly varying degrees of 
such solubility and carcinogenic action For the polycyclic 
hydrocarbons no specific differences have been disclosed 
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between carcinogens and non-carcinogens, by means of 
either fluorescence or ultra-violet absorption spectroscopy 
In the case of the aminostilbenes, the ultra-violet absorption 
spectra of a considerable series are bemg investigated by 
Dr. E. M. F. Roe, and will be reported upon later For both 
the carcinogenic hydrocarbons and aminostilbenes, it is too 
early to say whether developments may arise from the 
radically different type of information to be obtained by the 
application of infra-red spectroscopy. Other physical or 
physico-chemical techniques, such as the interaction of 
carcinogens with monomolecular films of sterols, proteins 
and other substances, have still been very inadequately 
studied, although Clowes and his collaborators (Clowes, 1943) 
suggested that this type of interaction might influence the 
normal function of cholesterol 

2. Chemical Relationships] 

The possibility has already been discussed in a previous 
paper (Haddow & Kon, 1947) that certain azo compounds, 
exemplified say by 2 2'-azonaphthalene, may be re-arranged 
and transformed into carbazoles m the liver (in this case into 
3 4.5. 6-dibenzcarbazole) and there produce tumours of 
that organ. Although no proof has so far been obtained that 
such a process is effected in vivo, it seems a legitimate question 
whether such chemical transformations, even if they do not 
represent the mechanism itself, should be regarded as 
significant and important affinities if only m the theoretical 
sense. In the case of 4-ammostilbene, which produces 
tumours in the rat of a type and distribution similar to those 
produced by 2-acetylaminofluorene, a similar suggestion was 
made to the writer by Dr F. L. Rose, of a conversion to 
3-aminofluorene or to 2-ammoanthracene Here again, even 
if such a mechanism is regarded as an extremely unlikely 
explanation of the action of 4-ammostilbene in the body, its 
chemical feasibility has perhaps some underlying meaning 
which we should not ignore. 

Whatever may be the ultimate prospect of deriving logical 
relationships between them, it still remains a fact that com- 
pounds of widely different features in the purely chemical 
sense (as anthracenes and fluorenes, aminostilbenes, acridines 
and carbazoles) may none the less show an important 
biological property m common Some of these cases led 
Cook (Barry, Cook, Haslewood, Hewett, Hieger & 
Kennaway, 1935) to indicate the significance, in themselves, 
of general molecular shape and dimensions, and a somewhat 
similar opinion was held by F. Bergmann (1942), who 
conceived the molecule as functioning as a whole, and its 
activity as bemg determined by shape and size. Bergmann 
suggested that all the carcinogenic hydrocarbons might be 
absorbed by a single receptor, and that all such compounds 
might be regarded as parts of an “ ideal ” carcinogenic 
structure. According to this view, geometrical conformity 
of carcinogen and receptor is a necessary condition for 
activity, although not a sufficient one Pursuing these 
notions, it is a logical step to consider if the wide range of 
compounds already examined, or some class among them, 
possesses any structural characters in common, such as 
might indicate the essential nature of the carcinogen-receptor 
relation It may be said at once that this is almost certainly 
not so, but the writer has been impressed by a curious relation 
in certain pairs of isomers, one of which is carcinogenic and 
the other inactive or only feebly active, and according to 
which the active molecule alone might appear to incorporate 


the skeletal structure of a trans - diaryl “ ethylene ’* , two such 
pairs are shown (I-IV) contrasting the carcinogens 3 4-benz 
pyrene and 1 2 7 8-dibenzfluorene with the inactive or 
feebly active 1 2-benzpyrene and the non-carcmogenic 
3 4 5 6-dibenzfluorene 
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I 2-benzpyrtne 
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If such a relation were to represent more than mere 
coincidence— and Pacault (1946) has adduced evidence for 
the existence of “ ethylenic ” structures in such aromatic 
nuclei — one might anticipate a marked distinction in carcino 
gemcity between the homologues of 1 2-benzacridine (V), 
which could not incorporate the /ranr-diaryl “ethylene", 
and of 3 4-benzacridme (VI) , it is of interest that Lacas 
sagne and his colleagues (Lacassagne, Rudah, Buu-Hoi & 
Lecocq, 1945 , Lacassagne, 1946) have, in fact, described 
a strong contrast in carcinogenicity between the two series, 
but in the opposite sense to the above 1 In many other 
examples, too. eg. the carcinogenic alkyl substituted 
3 4-benzphenanthrenes, it is clear that no such simp 
relation could possibly hold 


V 



I 2-benzacridme 


VI 



Notwithstanding the absence of any very °^°^ C j U o' t far 
:nt of the existing data on effects of attylana very 
stitution in 1 2 -benzanthracene alone, m 3 

rable that these data should soon be ^^^ henuC al 
her attempt to generalize the relation be a ^ 
stitution and carcinogenic action. S ° m H ,, ey partial 
er obtained, with the help of Dr H . ^thraccr.e 

!ence that the carcinogenic derivatives of ber^nthm^ ^ 

- be members of a senes, so far as their 

eemed The matter stfil requires very much do t 

one would therefore hesitate to advance even 
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tentative hypothesis But it appears to be not beyond the 
bounds of possibility to derive m the future, by purely 
numerical or geometric methods, an expression which would 
generalize all the information we already have in so many 
individual cases concerning the effects of substitution on the 
carcinogenic activity of this group at least Such an expres- 
sion would clearly represent simply a comprehensive state- 
ment, in the smallest number of terms, of what we already 
know , but one gathers, assuming it could be fully verified, 
that it might also indicate some relationship not so apparent 
from the individual data themselves, and that it might reflect, 
without giving any direct indication of its nature, some type 
of reactivity necessary for this kind of biological action 

3 Substitution and Addition Reactions 
Although as a class the carcinogenic hydrocarbons must be 
regarded as comparatively inert, they are nevertheless 
susceptible to oxidation eventually yielding non-carcmogemc 
quinones Since anthracene is known to inhibit the auto- 
oxidation of benzaldehyde, it has been suggested that the 
activity of the carcinogenic hydrocarbons may be due to some 
similar inhibition of the normal oxidative processes of the cell 
Fieser (1941) laid great stress on the fact that the most potent 
of the carcinogens are endowed with a remarkable suscepti- 
bility to substitution reactions, and surpass all other known 
aromatic hydrocarbons in this type of reactivity Studying 
this phenomenon with the reactions of diazo coupling, lead 
tetra-acetate oxidation oxidation with perbenzoic acid, and 
condensation of the hydrocarbons with sulphur mono- 
chloride, he found in general that the order of reactivity was 
essentially the same for a given group of compounds, and 
declined in the following sequence methylcholanthrene 

> 3 4-benzpyrene > 'O-methyl-J 2-benzanthracene 

> 1 2 5 6-dibenzanthracene Again as for every 
correlation yet attempted there are exceptions, especially in 
the case of certain anthracenes equally susceptible to 
oxidation but these did not appear to Fieser to invalidate 
the notion of a causal association between chemical reactivity 
and carcinogenesis, provided that other essential require- 
ments such as solubility, absorbability and molecular size 
were also satisfied by a given compound 

Such considerations suggested that the carcinogenic 
molecule undergoes a substitution reaction as the first stage 
m the production of its biological effects The earliest 
possibility to be considered was introduction of a hydroxyl 
sulphydryl or basic group leadmg to a functional derivative 
which might then enter into other changes possibly involving 
conjugation with constituents of the cell Later, a more 
direct interaction was suggested by the condensation of 
sulphur monochlonde with carcinogenic hydrocarbons , 
with the most potent and reactive hydrocarbons, introduction 
of a sulphur substituent occurs at room-temperature without 
catalyst and Fieser suggested that possibly the carcinogen 
similarly combines with cell proteins by the opening of an 
S-S linkage as indicated for 3 4-benzpyrene m VII and VIII 

So far as addition reactions are concerned Fieser indicated 
that the carcinogens enter into such reactions only sluggishly, 
and are attacked at points other than the reactive centres 
indicated by substitutions The principal reaction studied 
was catalytic hydrogenation which, as he pointed out bears 
some analogy to a biochemical transformation proceeding 
under the influence of an enzyme Fieser & Hershberg 
(1938) found that methylcholanthrene and 10-methyl- 



1 2-benzanthracene tended to add hydrogen at positions 
(e g. the 6 7 double bond of methylcholanthrene) other than 
the meso centres or other centres hindered by neighbouring 
rings or by the presence of substituents (IX X) 

Boyland & Weigert (1947)* have already indicated how a 
carcinogenic hydrocarbon may first of all combine with an 


IX 


X 



enzyme or with other tissue-constituents such as ascorbic 
acid or purines through the positions of prune reactivity, 
and have shown the way in which a hydrocarbon can be 
altered m the body to give neutral water-soluble substances 
by addition of the elements of hydrogen peroxide at positions 
of only secondary reactivity From the data available on the 
fate of carcinogens in vivo it therefore appears that the 
metabolism-reactions involve attack at centres other than 
those specially liable to substitution, and Fieser regarded this 
situation as comprehensible on the hypothesis that the 
carcinogen is subject to two reactions proceeding by different 
mechanisms one responsible for the induction of malignant 
growth an’d the other leadmg to detoxification 

the assumption that the metabolic change follows a 
fundamentally different reaction mechanism from the postulated 
substitution reaction of carcinogenesis seems necessary in 
order to account for the fact that the attack occurs at a part 
of the molecule different from that involved in substitutions 

That it may in fact be possible to dissociate detoxication 
mechanisms from those which are specifically concerned in 
the process of carcinogenesis is supported m evidence of a 
different kind described by Crabtree (1947) 3 Crabtree 
showed that the usual course of carcinogenesis might be 
impeded first by certain chlorine compounds which he 
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suggested could act through condensation with SH-contaming 
components so as to impair enzyme systems dependent on 
intact SH groups , by bromobenzene , by another class 
typified by the unsaturated maleic and citraconic acids, which 
form addition products with SH-contaimng compounds and 
disturb the sulphur metabolism of mouse skm by fixation of 
glutathione , and by naphthalene, anthracene and phenan- 
thrcne, which are excreted as mercapturates Since these 
four groups appear to possess only one common feature 
(their action upon sulphur metabolism), and since there is no 
evidence that sulphur is involved m the detoxication of 
carcinogens, Crabtree suggests that it may be some inter- 
ference with sulphur metabolism, by preferential combina- 
tion, which tends specifically to inhibit the mechanism of 
carcinogenesis 

In the attempt to define the essential structural require- 
ments for carcinogenicity, Robinson (1946) has recently 
suggested that the weight of evidence indicates the possibility 
of reaction at an activated phenanthrene-type bridge in the 
great majority of cases But again there are certain apparent 
exceptions, more than one mechanism may be involved and 
Robinson made clear his unwillingness to advance even a 
provisional hypothesis until more facts had been gathered 
There are equally, however, several examples not merely 
consistent with such a view, but remarkably striking and 
suggestive in the relationships they show The extreme 
carcinogenicity of 9 10-dimethyl-l 2-benzanthracene (XI) 
is a clear illustration that unsubstituted meso positions are 
not essential for activity, and it is of great interest in the 
present connexion that 9 10-dimethyl-l 2 7 8-dibenz- 
anthracene (XII) has now been found hy Berenblum (1946) 
to possess marked carcinogenicity, in contrast with 9 10- 
dimsthyl-1 2 3 4-dibenzanthracene (XIII) which is com- 
pletely devoid of such activity 

XI XII Xlll 



9 10-dimechyl- 9 10-dimechyl- 
9 10-dimethyl- 12 7 8- 12 3 4- 

I 2-benzanthracene dibenzanthracene dibenzanthracene 


These examples aie in keeping with the view that an 
essential requirement may be the phenanthrene double bond 
and that the 9- and 10-positions of phenanthrene (shown in 
XI and XII by *) must be unsubstituted , it also appears 
that the reactivity of these positions may be enhanced (or 
competitive reactivity reduced) by appropriate substitution 
elsewhere Another critical case, also in agreement, has 
recently been described by Harris & Bradsher (1946) m an 
astonishing contrast between the high carcinogenic activity 
0 f 1 2 3 4-dibenzphenanthrene (XIV) and the total 
absence of activity m either the 9-methyl (XV) or 10-methyl 
(XVI) derivatives 

One further method of attack, applied by Robinson, has 
been to test substances analogous with known carcinogens 
in that a benzene ring is replaced by the isosteric thiophene 


XIV 



1 2 3 4- 9-methyl-l 2 3 4- 10 methyl 12 3 4 
aibenzphenanthrene dtbenzphenanthrene dibenzphenanthrent 


nucleus In 9 10-dimethyl-l 2-benzanthracene itself then 
are three benzene nuclei which might be replaced m this uaj 
and in two of these cases (XVII, XVIII , Fieser, 1941) the 
products are already known to be carcinogenic The thirc 
isomeride, which is of greater significance m that the phenan 
threne bridge is here replaced by sulphur (XIX), has nou 
been prepared by B Tilak (1946), and it is certainly of mteresi 
not merely that this compound is non-carcinogemc by 
subcutaneous injection in mice, and seems to be only weaklv 
active on painting, but that high potency again emerges in 
the benzo-denvative (XX), where the phenanthrene dsub'e 
bond is once again a feature 


XVII 




XVili 



XX 



The apparent importance of the phenanthren 
nd, even if it is not completely determining mi " 1 
on carcinogenic activity, finds a parallel in thesc 
idge of the ammostilbenes [infra) he m4fejy 

uctures there is a high degree of sirni an y m 

purely chemical grounds, but also m , ffleD t 
tich substitution, modification or total r P * ^ 
,ds to annulment of the biological activi y 0 f the 

a whole So far as the growth-inhibitory efl ^ ^ 
unostilbenes are concerned, such activity ,. rcar bon atom* 

! ethylene bridge is extended to three or J°, en a toim ere 
,en it is reduced, when either or both M r °g en p » 
jstituted by an alkyl group, vsben u her -t. » i> 
daced by a nitrogen atom, or when the svnoi 
daced by oxygen or sulphur strict rf* 
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these were discovered as the direct outcome of a study of 
their inhibitory properties , to the extent however that is 
permitted by the results obtained so far, it can be said that 
the correspondence is complete In the ammostilbenes it 
would seem to be a necessary condition although clearly not 
a sufficient one that the molecule should be capable of 
assuming a quinonoid disposition with an electron-donating 
group in one nng conferring a high degree of negative polarity 
in the other, and the outstanding feature being the necessity 
,for unsubstituted hydrogen atoms m the ethylene bridge and 
iat the p position Such a system would appear not merely 
to contam a structure in the ethylene bridge which is 
analogous with the phenanthrene double bond in the cyclic 
hydrocarbons but to possess electronic characters which are 
- produced in condensed systems of benzene rings by rather 
5 different means Further the amino-diarylethylenes present 
t certain advantages in their comparative simplicity and in the 
J relative ease with which one may hope to establish a 
. connexion between constitution and activity Finally the 
changes they are likely to undergo in the body — a few of 
. which are indicated in XXI — XXIII for 4-dimethylamino- 
stilbene in comparison with known steps in the oxidation of 
: p-aminophenol (XXIV-XXVII) — are again such as might be 
i expected to interfere with the oxidative mechanisms of 
j the cell 

4 Energy States in the Carcinogenic Molecule 
The above relationships gain further interest from recent 
attempts to establish a connexion between electron distri- 
I button and chemical reactivity on the one side, and carcino- 
genicity on the other in the condensed unsaturated hydro- 
carbons Otto Schmidt (1938 1939a 1939b 1941) was the 
first to compare the electronic density of the ineso regions of 


XXVUI 



certain carcinogenic substances with that in related non- 
carcinogens and on the basis of this comparison he postu- 
lated that it is a necessary condition of carcinogenic activity 
that the*density of such regions should exceed 0 44e/A s , in 
particular he further suggested that the activity of a car- 
cinogen is due to the electro affinity of its excited state 
facilitating a quantal change in neighbouring molecules 
More recently A & B Pullman (A Pullman 1945, 1946a 
1946b , B Pullman 1946 , A & B Pullman 1946) and 
Martin (1946) have obtained supporting evidence of this 
conception through a quantum mechanical treatment (with 
Daudel) which permits a calculation of the density of - 
electrons for a given structure (in chrysenes benzanthracenes 
and benzacndines) by means of which it is claimed that a 
relation can be formulated between carcinogenicity and the 
electronic density of the region K (XXVIII) the density- 
threshold below which a substance ceases to be carcinogenic 
being 1 292e 

The Pullmans also state that it is not the position of 
the K region which is of first importance, but its specific 
character, and that it may appear at other points of the 
molecule and still possess the same function, hence, while their 
work would seem to confirm in the main, and 

on a quantitative basis, Schmidt’s theory of the 

relation between the carcinogenic power of a 
molecule and the existence within this molecule 
of a region nch in mobile electrons, it is less in 
agreement on points of detail such as the position 
of the active region, and the influence of sub- 
stituents Pacault (1946), by measurements of 

magnetic susceptibility, also indicates certain 

electromenc structures, the existence of which 
appears to be correlated with the particular 
biological property of carcinogenicity, and 
Daudel (1946a, 1946b), like Schmidt, has 
envisaged the molecular alterations which might 
proceed from the proximity of a region nch in 
- electrons to certain regions of protein mole- 
cules These views, that the concentration of 
r electrons is the preponderant cause, if not the 
only one, of the carcinogenic property, may 
possibly represent an over-simplification, and are 
in any case subject to further scrutiny and test 
But there is no doubt they are symptomatic of 
the need for a deeper understanding of the 
manner in which carcinogens operate, and that 
they would if confirmed, as Daudel says, effect 
a remarkable liaison between biological problems 
on the one hand and the most abstract regions 
of pure science on the other 


XXI 




ch 3 




>O cH = 

ch 3 

1 

n 

6 

't 


1 

metabolism 

1 

XXIII OXIDATION 

i 




bN-Q-CH = CH 

£>°H- 

1 

X 

u 

0 

z 

X 

cb O 

XXIV 

XXV 

XXVI 

XXVII 


OXIDATION OXIDATION 


mO oh _ hn O OH HN o^o 

p-imlnophenol benxoquinone 


5 Biological Considerations 
Turning next to the biological plane it may 
immediately be claimed that purely physio- 
logical methods have been surprisingly successful 


335 



MODE OF ACTION OF CARCINOGENS A Haddow 


in the attempt to decipher the mechanisms of 
carcinogenesis, and have at the least made a full 
contribution It is of course upon biological methods 
that we must depend for the primary data of carcinogenesis, 
and these may briefly be reviewed before proceeding. In the 
first place, we have no reason to doubt the view, and every 
reason to support it, that the process is one which is local in 
origin, and is due to direct action of the carcinogen or its 
products upon the affected cells. That chimney-sweep’s 
cancer is due to local contamination of the skin with soot, 
and not to any “ disease of the habit ”, was clearly recognized 
by Pott m 1775, although the local or constitutional origin 
of cancer in general contmued to be debated a hundred years 
later, as at a famous meeting of the Pathological Society of 
London in 1874, when Sir James Paget was still interpreting 
cancer as a disorder of the blood, m opposition to Sir William 
Gull, Amott, Hutchinson, Moxon and others who maintained 
its strictly local origin We now know that, while consti- 
tutional and genetic factors can greatly influence suscepti- 
bility to cancer, and may even determine the site of its 
spontaneous occurrence, the disease is one of the individual 
tell as a separate organism and with no relation to the needs 
}f the body as a whole It is this which gives cancer its 
unique position in pathology, accounts for its intractable 
nature, and explams its growth, in Paget’s words “ irrespective 
of the maintenance of the rest of the body, discordant from 
its normal type, and with no seeming purpose ” (Paget, 1853). 

As to the nature of the transformation from the normal to 
the malignant cell, and the manner m which the carcinogens 
effect it, no interpretation can be sufficient which fails to 
take count of the great diversity of tumour-producing agents 
Indeed, one of the most striking features of cancer is the 
multiplicity of its experimental causes, including not merely 
the variety of chemical compounds already considered, but 
physical agents such as ultra-violet rays, x rays, and the 
radiations emitted by radium and other radio-active elements 
Such apparent lack of specificity may be merely superficial, 
and it has already been shown that many of the chemical 
carcinogens have more in common than appears. Further, 
since the pathological end-result in all cases is the same, it is 
probable that the cellular processes involved are not com- 
pletely dissimilar and may in fact have an identical basis, 
the same general types of interference with function being 
mduced by a wide range of causes This view is supported 
by the fact that different carcinogenic influences may be 
interchanged (Berenblum, 1930) or summated (Hieger, 1936), 
during the period of tumour-induction, a result which is to 
be expected if cancer can result not only from a single chain 
pf abnormal events but from several winch lead by different 
routes to a final common path Foulds (1945) has compared 
the seem mg non-specificity of carcinogenic agents with the 
non-specificity of agents which lead to the liberation of the 
H substance and Sir Thomas Lewis’s “ triple response ”, and 
the writer (Haddow, 1938) also pointed out that the basis of 
non-specificity in cases of this kind is probably the extremely 
limited number of possible physiological responses As 
regards division, for instance, a normal cell can react m only 
one of three ways ( a ) by continuing growth at a temporarily 
increased or decreased rate , ( b ) by ceasing growth , or (c) by 
undergoing malignant change so as to divide at a perman- 
ently increased rate 

Although our central problem is the means by which so 
many carcinogens produce malignant transformation in 


somatic cells, it is certain that this is only a special case of 
the origin of discontinuous cellular variation in general 
e g. m bacteria, protozoa, fungi and plants. It was therefore 
suggested by several workers (Lacassagne, 1936 , Haddow, 
1937) — and has been fully confirmed— that a study of the 
physiology of unicellular organisms, and particularly of 
bacteria, might be of unique value in deciphering the funda 
mental principles of such variation. As the result of expen 
ments along these fines the writer (Haddow, 1937) concluded 
that the sources of discontmuous variation are mainly 
environmental in origin, and that its induction in a given 
character depends upon two mam requirements (i) a cell 
which is inherently capable of variation , (u) a source of 
environmental interference with the character in question 
Special attention was given to the environmental conditions 
governing the origin of variants with a permanently increased 
growth-rate, when it was found that such vanants are 
produced not by any process of direct growth-stimulation, 
as might be expected, but appear as a sequel to a long 
contmued period of growth-repression 

‘ it therefore seems that when the growth of a potentially 
variable organism is continuously inhibited by a process which 
allows a sufficient proportion of the affected cells to survive, 
a relatively small number may undergo an irreversible change 
in their metabolic properties m virtue of which they are then 
able to achieve active multiplication in an environment which 
makes this difficult, or even impossible, for their parent cell " 


That a general principle of this kind might well apply to 
the induction of tumours was supported by the finding that 
the great majority of a long senes of chemical carcinogens 
produced a rather characteristic inhibition of body-growth 
in the rat, and that such activity was mostly absent in a 
similar senes of related non-carcmogemc compounds 
(Haddow, Scott & Scott, 1937 , Haddow & Robinson, 1937 , 
1939 , Badger, Elson, Haddow, Hewett & Robinson, 1942 ) 
The main feature of the inhibition brought about by the 
carcinogenic hydrocarbons is its relative prolongation, and 
it is almost certainly significant that x rays and radium, 
which are also carcinogenic in certain circumstances, are 
equally capable of producing a similar inhibition under the 
same circumstances, the most suitable conditions being 
(a) continuous exposure to a weak source of raamtion 
(Ross, 1936), or (5) prolonged or repeated exposures rro 
the writer's results there seems bttle doubt of a SU ' )S , 
correlation between carcinogenicity and growth mhi 1 
power, and it therefore seemed a real possibility, as . 
case of x rays and radium, that the mode of action of cue 
carcinogens might well be indirect, and that they could op- 
by retardation of the growth of normal cells, e . 
eventually reacting to give a new race of cells with an wc : 
rate of fission While the correlation on which this , [cd 
based seems sufficiently strong to justify it, un 
exceptions occur which, if they are not enough o . J( 
the hypothesis as a whole, indicate that we shorn . 
as a general approximation Additional confiden ^ 
view was, however, given by the discovery first , il0!y 
various derivatives of 4-ammostilbene possess isucft m 
properties par excellence, and only later a (jes 

pounds are, in fact, endowed with carcmogenc P 
of an exceptionally interesting kind— an associati 
would seem to be more than one of chance alone d 

Many other workers from time to time have a nd 

the malignant cell as representing a new race 
as a discontmuous and irreversible somatic var 
1903 , Menetner, 1926) 
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The main interest of the present argument is the hint it 
gi\es of the origin of such variants — that cancer cells arise 
and commence their career of proliferation as an adaptation 
to conditions which impair the growth of normal cells Here 
again the conception is by no means new, and it is remarkable 
how one or other expression of it recurs again and again 
throughout the whole literature Thus Minot (1889), who 
was among the first to study the progressive decline in the 
rate and power of growth from the beginning to the end of 
life, maintained that the retardation of growth accompanying 
senescence is the stimulus which inaugurates discontinuous 
growth or proliferation If interference with growth is an 
essential prelude to tumour-formation, it is not surprising 
that tumours anse in growing tissues essentially, and only 
comparatively rarely from obsolete or obsolescent structures 
or from highly specialized organs such as the heart and large 
vessels, voluntary muscles and nerves This too has been 
long recognized, for example, by Roger Williams (1908) 

‘ in all such instances proliferous cells are scanty or 
absent , and it is to this peculiarity that their comparative 
immunity from tumour growth may be ascnbed The 

growth of cancers, like discontinuous growth in general, of 
which it is but a particular case, is distinctly related to 
the decline of growth of the body in general, and 
especially of the particular local tissues Hence, while the 
forces of growth, development and reproduction are in greatest 
activity—- during the period of pre-natal life, infancy, childhood, 
adolescence and even adult age — the tendency to this disease 
is comparatively small In both sexes, it begins to be of great 
frequency m the post-mendian period Thus the tendency 
waxes, as the developmental and reproductive activities 
wane , when growth declines, new centres of 
development are apt to anse, and growth tends to become 
discontinuous ” 

Adaptive variation in relation to the origin of tumours 
has also been descnbed by many other authors (e g White, 
1913), and Bang (1928) was among the first to recognize that 
since the cancer cell arises from the normal cell, its behaviour 
must be considered in relation to its environment, pointing 
out that most carcinogenic agents probably act by injury 
Lewis (1935) also suggested that malignant cells are new 
oellular types or species derived from normal cells which have 
been altered by environmental influences or agents of one 
sort or another, and Beclere (1934, 1936), discussing the 
role of x radiation in carcinogenesis, opined that it is a slow 
destruction of the activities of the cell, rather than direct 
excitation of its growth-capacity that terminates m malig- 
omicy Wolbach (1936, 1937), attempting to ascertain 
what processes are initiated by carcinogenic hydrocarbons 
prior to the development of tumours, apparently regarded 
me primary action as destructive 

evidence was found to support a theory that any one of 
ne chemicals employed owes its carcinogenic property to 
direct stimulation of cell growth ’ 

^larly Witts (1936) in a discussion of neoplasia of the 
ood forming organs in relation to toxic agents such as 
•* T? X rays an ^ radium referred to the question 
whether arrest of the normal development of the cells does 
uo sometimes lead to the uncontrolled proliferation of 
leukaemia ” 

6 Carcinogenesis and Cellular Nutrition 

k! ^ Ceper “s'Sht mto the mechanism of carcinogenesis 
in T ky die application of biochemical m contrast 
thJ'fi 1 ' * Physhdogmal methods Boyland (1932) was among 
t to study the action of the carcinogenic hydrocarbons 


and then oxidation products upon enzyme systems in vitro, 
and there is now a vast literature which in many ways 
suggests that the damage produced by the carcinogen in the 
normal cell may be correlated with enzyme poisoning, and that 
the resulting cell adaptation, which we call malignant change 
may be reflected in the appearance of newly developed 
“ rogue ” enzymes upon which the newly acquired growth- 
properties may possibly depend 

One of the most remarkable developments in cancer 
research in the past few years has been the recognition that 
the carcinogenic action of azo compounds, and particularly 
of dimethylaminoazobenzene, is greatly influenced by the 
diet (Mon & Nakahara, 1940 , Mon, 1941 , Sugiura, 1944) 
and especially dependent upon its content of protein, and the 
great bulk of such enzyme studies has been earned out with 
this exceptionally favourable material Rhoads (1940 
1942a, 1942b) and Rhoads & Kensler (1941), in a study of the 
induction of hepatic cancer by administration of dimethyl- 
aminoazobenzene to rats taking a diet of brown rice and 
carrots, found that supplementing this diet with yeast- or 
liver-extract in adequate amounts completely prevented the 
development of tumours, the protective factor being none 
of the constituents of the vitamm-B complex then descnbed 
The effect of feeding the carcinogen to animals taking the 
unsupplemented diet was an inhibition of the activity of at 
least two enzyme systems, cocarboxylase and cozymase, thus 
producing what these authois considered a conditioned or 
secondary deficiency disease On the other hand, the 
development of the mutation which characterizes the malignant 
cell was accompanied by the appearance of an oxidizing 
system insusceptible to the inhibitory effect of the toxic 
metabolic products of the carcinogen, and Rhoads and 
Kensler looked on their results as the first demonstration 
that cancer tissue evoked by a chemical carcinogen possesses 
an oxidative system immune to the inhibitory action of that 
carcinogen or of its metabolic products 

We have already seen that the emergence of a malignant 
tumour has many analogies with discontinuous variation in 
bacteria, and there is little doubt that the phenomenon — 
probably on account of its fundamental and general nature — 
has features in common with such processes as smooth -► 
rough variation in bacteria, and with acquired drug-fastness 
m bacteria and protozoa. A similar conception has lately 
been formulated by Lederberg (1946), on the basis of the 
studies by Beadle, Tatum and others of the genetic control 
of biosynthetic reactions in the fungus Neurospora Since 
field str ains of Neurospora will grow on media containing only 
sugar, salts and biotin* it is concluded that the fungus 
is capable of synthesizing all other essential metabolites 
As the result of mutation of single genes, the capacity for 
synthesis of different compounds (e g. leucine) may howevei 
be lost — a process which possibly accounts for the differenti- 
ation and nutritional requirements of higher forms it is 
obvious that the growth of the “ leuaneless ” modification of 
Neurospora would necessarily be regulated by the concentra- 
tion of leucine available to it externally Exceptionally 
however, a gene-mutation may once again lead to the capacity 
to synthesize such a metabolite and Lederberg therefore 
correlates normal tissue cells with a culture of “ leuaneless ” 
Neurospora, and the malignant cell with a variant having a 
newly acquired or re-acquired capacity to synthesize an 
essential metabolite otherwise only available in regulatory 
amounts 

The present writer has very recently encountered a remark- 
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able effect of the naturally-occurring pigment xanthopterin 
( syn uropterin) upon the kidney of the rat, which is extremely 
reminiscent of a similar mechanism. Administration of this 
compound induces an increase in kidney-size due very largely, 
if not entirely, to a direct stimulation of mitotic activity 
and cell-division m the tubule epithelium. The effect appears 
highly specific and is automatically reversible — almost 
certamly when the administered xanthopterin has been 
excreted Although a great deal of necessary investigation 
has still to be completed, this situation is highly suggestive of 
a device by which the normal growth and occasional hyper- 
trophy of the kidney may be completely regulated and 
controlled, by its dependence upon an essential factor which 
the organ is unable to synthesize and which must be supplied 
from elsewhere If this mechanism should be fully sub- 
stantiated, it is clear that two further questions will arise, 
one affecting its general validity, and the second concerning 
its implications for the origin of tumours 
Is it possible that the co-ordinated growth of all the normal 
tissues similarly depends upon the supply of essential and 
specific growth-factors, the chemical variety of which may 
reflect the chemical basis of cellular differentiation 9 If so, 
may the chemical carcinogens first of all impede the growth 
and protein synthesis of normal cells by restricting the 
utilization or access of such essential metabolites 9 In such 
a case, we may yet be able to correlate the new and adaptive 
growth-properties of the cancer cell, and especially its power 
oi continued and unregulated growth, with the acquisition of a 
genetic property to synthesize an essential growth-factor, or 
factors, previously supplied from an external source on this 
view, the transformation from normal to malignant would 
represent a change from a fastidious or comparatively- 
exacting cell to a variant which is unexacting and self- 
sufficient, and the autonomy of the cancer cell, which has 
long been known as its chief attribute on purely biological 
grounds, would receive its explanation m terms of cellular 
nutrition 

The past fifteen years have seen enormous advances in our 
understanding of the specific nutritional requirements of 
bacteria, protozoa and fungi, of the extent to which they are 
dependent upon inherent synthetic capacities on the one hand, 
and the supply of preformed metabolites on the other, and 
of the ways in which these properties may be altered by 
environmental changes and induced mutation An indi- 
cation has already been given that these principles have a 
relevance for biology far transcending their application to 
unicellular and freeliving organisms alone, and we have seen 
how they are not merely suggestive but of practical value in 
increasing our comprehension of the analogous situation in 
the origin of cancer They also point the way to the next 
stage, namely, systematic investigation of the specific growth- 
requirements of malignant cells, in comparison with those of 
their normal prototypes, in vitro If such an investigation 
is bound to be more arduous on technical grounds, it is 
certain to gam immeasurably from the experience already 
accumulated from nutritional studies m protists and fungi 

7 Energetics of the Malignant Transformation 

Possibly the most striking single feature of the cancer cell 
is its high stability, as shown by the manner w which its 
newly-acquired properties are transmitted and maintained, 
quite indefinitely and with no sign of reversion, in the course 
of serial transplantation From this it is clear that, once a 


given carcinogen has effected the malignant transformation 
its continued presence is no longer necessary for the sub*' 
quent autonomous growth of the tumour In many uass 
the processes of cell division are reminiscent of a chain 
reaction or self-propagating mechanism which vanes m the 
degree of control to which it is subject, and it may be tha 
the new configuration of properties which distinguishes the 
malignant cell from its normal precursor can be expressed 
m terms of a different energy-level Highly suggestive of 
such a relation is the ease with which the norma! cell maj be 
converted into a malignant form, in contrast with Ui* 
impossibility (thus far) of effecting a change m the reverse 
direction It is also of the greatest significance that, vvhil* 
the normal and malignant cell-types have their own levels 
of stability, and are therefore discontinuous in their properties 
transition from the former to the latter is by way of inter 
mediate forms of high instability Berenblum (1947)* and 
others have shown how carcinogenesis in the skin proceeds 
from the normal epithelium first to an early non specific 
hyperplasia, secondly to a specific pre-neoplastic hyperplasia, 
and then to the emergence of papillomata, and how later 
stages can be recognized in the progressive growth of such 
papillomata, their conversion into carcinoma, and the 
uncontrolled growth of the latter While the earlier stages 
in this sequence may be reversible (even in some cases to the 
extent of regression and disappearance of warts when the 
carcinogen is withdrawn), the later steps are quite irreversible 
and take place equally well whether exposure to the carcinogen 


is continued or not 

Considerable interest ir the energy relations underlying 
such changes has been evoked by Schrodwgei’s recent 
account (1 944) of quantum theory in relation to biology and 
genetics Schrodmger was led, from a study of the high 
degree of permanence and durability of the gene matenal on 
one hand and its discontinuous mutation on the other, to 
suggest that such phenomena may be explained in terms o 
quantum theory, and that mutations may in fact be due 
quantum jumps in the gene molecule The high degree o 
permanence of the gene matenal has a corollary m the c ° 
parative rarity of mutation, but the so-called natura 
can be increased to a high multiple by * rra / I ^ n in 
x rays or gamma rays, the mutations produced di eri 
no way, save their number, from those that occur 
taneously And there is an energy relation 

“ the expenments on X-ray-produced mu , ta ^. 0 " 5 f r om iht 
impression that every particular ‘ transition , , / . }.jj 

normal individual to a particular mutant, or _ , ag , 0 f 
its individual ‘ X-ray coefficient , indicating the e pen Jir 

the offspring which turns out to have mutated l m W P* 
way, when a unit dosage of X-ray has been app 

Schrodmger then recapitulated the Iaws i -STpropw 
induced mutation rate that the ,nc ^® , coefficient of 
tional to the dosage of radiation, and that d that 

increase remains unaffected by wave i en ®T Iltatlon append 
the same dosage, in r units, is applied , omz a(jon ot 
to be due to a single event, represented by ^ 0 f ffis 
similar process, occurring within some critica ^ [ng , f 
cell For the size of this critica ™lumej^ m , 
followed Delbruck (Delbruck, Timofee {en a veiuse 

who arrived at an approximate size oi my atotn5 
atomic distances cubed comprising there • (Q 
That such a group of atoms is muc statistical 

exact statistical la ws, and so conform 

* [BMB 965] 
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FIG I 

Probable energy barrier (X) in 
the transition from the normal to 
the malignant state (see text and 
Schrodmger p 55) A=Minm-um 
energy required to effect the change 
I (normal) — y II (malignant) 


classical physics is in contrast with the known permanence 
and stability of the gene material but in Schrodinger’s view 
the explanation is wholly supplied by quantum theory 
While a body on the large scale changes its energy con- 
tinuously, a sufficiently small system is bound by its very 
nature to possess only certain discrete amounts of energy 
(its peculiar energy-levels) and the event of transition from 
one state to another is the quantum jump If the second state 
or configuration has the greater energy ( ‘ is a higher level ) 
the system must be supplied from outside with at least the 
difference of the two energies to make the transition possible 
To a lower level it may change spontaneously emitting the 
surplus of energy in radiation 

This conception requires to be amended for those cases in 
which free passage between two levels may be obstructed 
even from a higher to a lower level There are no spontaneous 
transitions from one state towards another, when the two 
configurations are not neighbouring and transition can take 
place only over intervening configurations that have a 
greater energy than either of them Most significant such 
“ isomeric ” transitions are those of the greatest importance 
for biology 

Transitions with no threshold interposed between the initial 
and the final state are entirely uninteresting, and that not only 
in our biological application They have actually nothing to 
contnbute to the chemical stability of the molecule 
They have no lastmg effect they remain unnoticed For, when 
they occur they are almost immediately followed by a relapse 
into the initial state, since nothing prevents their return 

These relations at once recall the familiar and similar 
distinctions between fluctuating and permanent biological 
modifications, between variants that are irreversible and 
those that return to the parent form with greater or" lesser 
^tse For all practical purposes the origin of cancer is the 
outstanding example of an irreversible cell variation It does 
not however follow that this is necessarily so m an absolute 
sense and Fig 1 shows in schematic fashion after 
Schrodmger the energy-barrier (X) interposed between the 
stable states I (normal) and II (malignant) with the minimum 
energy (A) required to effect the change from energy-level I 
to level II , it is obvious that amounts of energy less than 
mmimum will suffice only to produce impermanent 
changes which revert to the normal It would also appear. 


theoretically at any rate that reverse transition from 
malignant to normal may be achieved by the application 
of a minimum amount of energy greater than that required 
to change from the higher to the lower level , as to how much 
greater nothing is known In addition the transition from 
normal to malignant is frequently marked not only by an 
increased growth-rate but also by loss of cellular differen- 
tiation This inverse relation is also indicated m the figure 
although it is far from being either simple or invariable 
An mterpretat on along these fines has almost certainly 
a close connexion with other features in the mode of action 
of carcinogens for instance recent work on the metabolism 
of 3 4-benzpyrene (Boy land & Weigert 1947) 5 hints that 
it is not the hydrocarbon itself or even one of its metabolites, 
which is the proximate carcinogenic agent, but rather the 
energy released during the transformation from one meta- 
bolite to another Here too may possibly he the true 
si gnifi cance of the allegedly characteristic electronic proper- 
ties of the carcinogenic molecule Finally it may provide a 
link between the carcinogenic action of * rays gamma rays 
ultra-violet radiation and chemical compounds in that all 
these agents may be, as Daudel has suggested (1946b) sources 
or earners of energy in such a form as can readily interfere 
with the normal growth of the cell A similar argument has 
recently been used by Latarjet (1946) from a comparison 
between ionization and molecular activation in the primary 
action of radiations on micro-organisms Highly ionizing 
radiations on the one hand and ultra-violet radiation on the 
other, are found to produce lesions so similar that it is impos- 
sible to decide from mere inspection the nature of the 
stimulus which provoked them and it is suggested that what 
they perform in common is to deliver to the appropriate 
location in the cell an amount of energy sufficient to produce 
an identical primary effect 

les processus de liberation de cette energie scraient 
differents, mais 1 effet pnmaire serait ie meme En d’autres 
termes 1 ionisation et l’activation moleculaire mduisent la mime 
modification chimique rniUale 

From all these varied developments it would appear we are 
gradually approaching an understanding of cell variation 
in terms of the energies involved Although an immense 
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amount remains to be done, there can be no doubt of the 
profound significance of any such achievement, not only for 
the cancer problem but for biology as a whole 

8 Relation to the Viruses of Chicken-sarcoma 

Any complete solution of the mode of action, such as we 
hope to achieve m the future, must make clear the relation 
between chemical carcinogens and the tumour-producing 
viruses. The beginning of modem experimental research m 
cancer, in the latter part of the nineteenth century, coincided 
with the rise of bacteriology From that day until this, and 
very largely for that reason, there has always existed a school 
of thought which seeks to interpret the origin of cancer as 
due to a process of specific infection In its first phase, this 
belief was based not on evidence but on intuition, and was 
only later followed by deliberate attempts to isolate and 
identify the causal agent which it was felt— and which in 
many quarters it is still felt— must be present Between 
forty and sixty years ago, this work merely resulted in a 
depressing catalogue of allegedly specific pathogens — 
bacteria, protozoa, yeasts and fungi — and Schaudinn stig- 
matized this period as the most melancholy chapter in the 
whole history; of the subject. Nevertheless, the logical 
possibility still remains, and must therefore very willingly 
be admitted, that the etiology of cancer may in some way be 
bound up with processes of infection, and particularly with 
virus infection. 

Nowadays, however, the general thesis rests on evidence 
of a very different kind, dealing particularly with the filterable 
agent of sarcomata in fowls, of which the virus of the Rous 
chicken-sarcoma is the best known example, with the milk 
factor involved in the causation of breast cancer m mice, and 
with Shope’s papilloma virus in the rabbit 

On the other hand, and opposed to any general infective 
theory of causation, is the school which senses that the 
neoplastic change has in its very nature something funda- 
mental m biology, that it is a kind of change to which almost 
every type of cell in nature is liable in appropriate circum- 
stances, and that it is far more profound than could depend 
upon infection in the bacteriological meaning, by independent 
and specific parasitic micro-organisms Thus, the great mass 
of fact shows that processes of infection in the natural history 
of cancer are exceptional (that is, so far as we know), and not 
likely to be an indispensable feature of the mduction of 
tumours Contrariwise, we already have the certain means 
of producing a great variety of experimental tumours at will, 
by the chemical carcinogens, m circumstances which assuredly 
do not require us to introduce the conception of a ubiquitous 
virus 

The fascmation of the present Situation is that there is no 
difference of opinion on the facts themselves There is no 
debate concerning the remarkable properties of the chemical 
cgrcmogens, there is no question that an agent is transmitted 
in the milk, in mice of high liability to mammary cancer, 
which largely determines the incidence of the disease m 
subsequent generations, there is no denying the causation of 
the Rous tumour by a virus-hke agent Differences arise 
only over the interpretation of these phenomena, which to 
some seem mutually incomprehensible, and to others even 
irreconcilable But no one of these facts can invalidate any 
other, and it must therefore be our purpose not to foster an 
antithesis between one school and another, but to seek a 
synthesis 


The filterable agents of the avian sarcomata are submicro 
scopic particles extractable from the cells of such tumours 
the Rous agent being the most familiar example Tumours 
arising after inoculation of this and similar agents are derived 
from infection of the corresponding normal cells of the 
recipient host, and the salient features of this action are 
first, that conversion of the normal cell to the malignant form 
may take place at once (in contrast to the action of the 
chemical carcinogens), and, secondly, that the new tumours 
so induced usually conform m the minutest detail with the 
growth from which the agent was obtained, and usually 
continue in then* turn to produce further large amounts of 
the specific virus. From immunological experiments (Amies, 
Carr & Ledingham, 1940) the Rous agent appears to contain 
(in addition to a specific antigen) a second antigen which is 
also present in normal fowl-tissue This remarkable sero 
logical property, coupled with intense specificity, and the 
apparent absence of any epidemiology whatever, have 
always supported the conclusion that the Rous and allied 
agents arise intrinsically 

In approaching this matter, it seems that there is no Iikeh 
hood whatever of success if we restrict ourselves to the tradi 
tional methods of bacteriology or of cancer research alone 
The net must be cast much wider, and advances are m fact 
already being made in general cell-physiology, usually without 
any direct reference to cancer or viruses, to which we must 
pay great attention and which offer the prospect of elucidating 
some at least of these problems These advances now con 
stitute nothing short of a revolutionary view of the importance 
of the cytoplasm, as distinct from the nucleus, w cellular 
growth and heredity pointing directly to a conception of 
genetic determinants located in the cytoplasm, they are of the 
greatest interest to students of cancer who had been mde 
pendently considering the possibility, for other reasons, that 
malignancy is due to an alteration not necessarily restricted 
to the nucleus, but affecting the cytoplasm as well (Haddow, 


1944) 

Perhaps the most apposite case is that described by Sonne- 
born (1943), m what must be regarded as one of the most 
si gnifi cant biological papers of the past ten years Sonneborn 
studied two heritable characters known as “killer an 
“ sensitive ” in different races of Paramecium aurelia T e 
physiological situation is that fluid in which the killer race 
has hved kills individuals of the sensitive races, and that vv e 
pure races of the two types are crossed, the killer clones are 
found to derive their cytoplasm from the killer parent, an 
the sensitive clones are those with cytoplasm derived from 
sensitive parent This phenomenon was next shown 
Sonneborn to be not merely a case of cytoplasmic inheritance, 
but due to the continued production of a cytoplasmic 
stance under the influence of a single gene known as 
law governing this relationship was defined as follows 

“ Addition of the cytoplasmic determinant to an o 
lacking the character dependent on it, but ce i air (h; 
required gene, results in the continued pro character 

cytoplasmic substance, in the development o op |asmis 

determined by the combined presence of gene a character 

substance, and in the hereditary maintenance o 
in successive generations ” 

The parallel between this relationship on the one s ,, 

he propagation of the Rous sarcoma by virus o 3gcnt 

lertamly remarkable, on the assumption tha m t h; 

nay indeed be a particle derived from or 'local ^ 

ytophsm — m other words, that it is a plasmagene 
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this view there is in point of fact a good deal of support from 
the physical and chemical resemblances between the Rous 
agent and the sub-microscopic microsomes of Claude (1938a, 
1938b, 1939, 1943a, 1943b), which are normally found in the 
cytoplasm. 

If then we admit that this may be a reasonable and sugges- 
tive hypothesis, Sonnebom’s law may be paraphrased for 
the special case of the Rous virus somewhat as follows 
“ Penetration of the mutant plasmagene mto the cytoplasm 
of a susceptible normal cell — that is, a cell which lacks the 
character of malignancy which is partly dependent on it, but 
which contains the required gene — results in the continued 
production of the cytoplasmic substance, that is the virus 
in the development of the character of malignancy determined 
by the combined presence of gene and virus, and in the 
hereditary maintenance of malignancy m successive cell 
generations ” 

In other words, there seem to be no differences of funda- 
mental principle, between the activity of the Rous agent and 
the behaviour of a mutant plasmagene, and this suggestion if 
correct, would account for the individual specificity of the 
fowl sarcoma agents by which each transmits to the new host 
the characters of that particular tumour alone from which it 
was obtained 

Although our eventual aim must be a correlation, as 
complete as possible, between all the available facts, it is only 
within the past year or two that we have had any inkling of 
the way in which this might be achieved We have already 
considered firstly the associaUon between the property of 
carcinogenicity and the capacity of chemical carcinogens to 
Produce a rather characteristic type of interference with 
normal growth, and secondly, the working hypothesis which 
then emerged, that the chemical carcinogens might operate 
by producing an interference with growth, of a kind to which 
the cells could adapt themselves only by an irreversible 
differentiation, which would automatically confer upon the 
new cell strain (that is, the induced tumour) a permanently- 
increased rate of division 

Quite recently, Elson (Elson & Warren, in press) has found 
that this initial inhibitory action of the chemical carcinogens 
can be greatly reduced, or even prevented, by a diet sufficiently 
rich in protein Particularly since it was already known that 
the experimental production of cancer of tne ftvei by \ anous 
azo compounds could be similarly delated or again even 
P re YC n ted by administiation of a high proportion of protein 
m the diet (v supra) we are beginning to consider whether 
the initial action of the carcinogenic hydrocarbons and other 
chemical carcinogens may not be to inhibit growth by 
epleting the cellular protein, by rendering it unavailable, or 
Possibly by interfering with its normal synthesis, that the 
eventual emergence of the mali gnant cell may be achieved 
ough an irreversible modification of protein synthesis 
an that it is this re-orientation which underlies the unregu- 
a ed and permanently-enhanced capacity for growth 
(IQatis^S from an entirely different approach, Crabtree 
t k ^ aS a ^° found it tempting to speculate that a dis- 
^ir ance of enzyme funcUon could lead, through the forma- 
on of a carcinogen-enzyme complex and by cellular adapt- 
svntv, t0 emer 8«nce of a new type of protein with auto- 
> tnetic properties Bearing in min d the physical and 
enucal similarities between the Rous agent and the non- 

chenn VC 1 * 5artic * es ' 11 be that the filterable agent is a 

— variant of a normally occurring particle, produced 
* tflvis 


through the acUon of a chemical carcinogen 9 Certainly 
this view can provide no explanation of the comparative 
rarity of cell-free transmission of tumours generally, but there 
is, on the other hand, a reasonable probability that elucidation 
of the nature of the Rous virus would furnish important 
principles applicable to cancer as a whole This would 
certainly seem to be the opinion of Potter (1945), who from 
purely biochemical evidence has suggested that the uncon- 
trolled growth of cancer may be the result of competitive 
interference between two autosynthetic proteins — one a 
normal enzyme protein and the other a modified form which 
could arise spontaneously from mutation, be produced by 
the action of carcinogenic chemicals, or be introduced 
preformed as a virus 

In all these varied possibilities, we are constantly reminded 
of the pomt to which Stanley (1939) originally drew attention 
in the case of the plant viruses that the influence of such 
viruses can be likened to that of normal agents already 
present In other words, the notion that the avian-tumour 
viruses are of intrinsic origin may be related with the view 
that many of the plant viruses are autocatalytic proteins of 
ultimate host-cell origin There is a further aspect of the 
general problem which may prove of wider significance than 
any so far mentioned namely, the relation between plasma- 
genes and cellular differentiation (Rhoades, 1943) It has 
long been one of the puzzles of biology that, while all the cells 
of an organism presumably have the same genetic constitution 
m their nuclei, they nevertheless show wide morphological 
and physiological differences These differences might be 
due to variations m tissue environment, but this is not the 
whole explanation, since many cells retain their mam 
characteristics, at any rate m part, when they are transported 
or transplanted to another part of the organism It is now 
possible to suggest that cellular differentiation of this kind 
may be determined by genetical particles in the cytoplasm. 
The production of different characters in cells with the same 
nuclear genes would thus be brought about by differential 
segregation of those cytoplasmic determiners at cell division 
If the differentiation and rate of growth of both no rmal and 
malignant cells are controlled by particulate determinants 
in the cytoplasm may it be that the Rous agent functions by 
imposing a decreased level of differentiation, and hence an 
increased rate of growth upon the normal cell which it 
attacks 7 

***** 


Nothing can be more remarkable than the way m which 
these different trends and developments, some ■arising from 
cancer research itself and others from advances m biology 
generally, are gradually producing a unified picture m place 
of the two contrasting interpretations of the genesis of cancer 
The ultimate solution of the origin of tumour viruses will 
no doubt be expressed m terms of enzyme and protein 
chemistry in a new sort of taxonomy which will doubtless 
require the powers of a chemical Linnaeus and a modem 
Darwin combined. But it already appears that all these 
varied findings are irreconcilable only on the narrow view 
and that there is a real prospect of deeper understanding if 
we change our viewpoint, and especially if v>e broaden it. 
Only m this way can we hope to follow the sequence as a 
whole, and to piece together all our facts, from wherever 
they come. 
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For the purpose of the present review cocarcinogenic 
action may be defined as an augmentation of tumour produc- 
tion resulting from a direct local effect on a tissue 
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In experimental studies on tumour production important 
information is sometimes obtained by testing the acUon of 
a carcinogen in combination with some other (physical or 
chemical) external agency When the added treatment causes 
augmentation of tumour production (i e a higher yield of 
tumours or a shortening in the latent period) it is called 
cocarcinogenic action , when the result is an inhibition of 
tumour production it is called anticarcinogemc action 
Though the term ‘ cocarcinogenic ’ seems at first sight 
unambiguous the need for careful definition becomes 
apparent when the subject is examined more closely 
For instance liver-tumour production in rats resulting 
from prolonged administration of p-dimethylaminoazo- 
benzene occurs more readily when the diet is supplemented 
with biotm or fat and less readily when supplemented with 
riboflavin and casern 1 It is debatable whether one should 
regard the biotin and fat as cocarcinogenic and the riboflavin 
and casern as anticarcinogemc or whether it would not be 
more logical to regard depmation of biotm and fat as anti- 
carcwogemc and depmation of riboflavin and casern as 
cocarcinogenic In any event the conditions operating with 
remote influences (i e via the diet) may be different 
from the local application of a cocarcinogen at the site of 
tumour production Hence the avoidance of the term 
cocarcinogen ’ for dietetic influences and the substituted 
use of such a term as procarcinogenic ’ (Du Vigneaud 
pangler, Burk, Kensler, Sugiura & Rhoads, 1942) seems 
fully justified » 

A similar difficulty arises m connexion with the effects of 
solvents on carcinogenic action It has been shown for 
instance that sarcoma production .n mice occurs more 
readily with benzpyrene dissolved m olive oil than when 
mouse-fat is the solvent (Peacock & Beck 1938) Here again, 
e mouse fat might be regarded as anticarcinogemc (if the 
, lve | senes is considered as the control) or alternatively 
e olive oil might be regarded as cocarcinogenic (if the 
senes ls considered as the control) In fact 
ro ably neither term is justified since the influence of the 
rat' Crl f 011 carcul0 8 enesis may be due to modifications in the 
e o absorption and elimination of the carcinogen, rather 
an to a direct effect on the tissues A solvent may never- 
e ess prove to be a true cocarcinogen if augmentation of 
thf* 10 * 1 ]^ P ro< * uctlon can be demonstrated by administering 

wn s !' e . nt an< * the carcinogen separately over a different 
Period of time 5 
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Cocarcinogenic Agents 

The earliest demonstration of cocarcinogenic action was 
concerned with scarification of the skm Deelman (1923) 
claiming that such treatment facilitated tar carcinogenesis 
What is more generally described as “ the Deelman effect ” 
arose under conditions of more severe scarification (or with 
actual incisions in the tarred skin) the subsequent tumours 
showing a tendency to become localized close to the healing, 
or healed wound (Deelman, 1924 , Deelman & van Erp, 
1926) Though several subsequent investigators failed to 
confirm these results more recent work provides adequate 
confirmation (especially of the localization-effect) both m 
mice (Pullmger 1943 1945a b) and m rabbits (Rous & Kidd 
1941 , Mackenzie & Rous 1941 , von Meyenburg & Fntzsche, 
1943, Fnedewald & Rous, 1944a b) A similar localization- 
effect was observed at the margins of areas of freezing in 
tarred skm of mice (Berenblum 1929) Using a continuous 
form of mechanical irritation (sandpapering) subsequent to 
a period of tarring Ludford (1929) failed to observe 
augmentation of carcinogenesis m mice but more recently 
with dibenzanthracene as carcinogen and a stiff brush as a 
means of irritation Riley & Pettigrew (1945) obtained con- 
vincing evidence of augmentation Subcutaneous fibrosis 
by threads placed under the treated skm also hastened skin 
carcinogenesis in mice (Orr 1934 1935) 

Many other factors have been tested from time to time, 
for cocarcinogenic action, including the effects of heat 
ultra-violet rays x rays beta and gamma rays of radium 
and a host of chemical substances Early examples of 
chemical cocarcmogens include (a) a basic fraction of creosote 
oil (Shear, 1938 , Cabot Shear & Shear 1940 , Sail & 
Shear 1940 who introduced the term ‘ cocarcinogen’), 
and (b) croton oil and its active component croton resin 
(Berenblum, 1941a b) perhaps the most potent cocarcmogen 
known for the mouses skin though apparently without 
effect on the rabbit’s skm (unpublished observation) Yet, 
in general the rabbit seems more responsive to cocarcinogenic 
action than the mouse as shown by the investigations of 
Rous and his collaborators ( loc cit) in connexion with 
wound healing etc 

Analysis of COcarcmogenesis 

By no means all irritants elicit a cocarcinogenic effect 
Indeed, some have pronounced anticarcinogemc effects 4 
while many fail to modify the carcinogenic response either 
way 5 The accumulating data in the literature seemed at 
first full of inconsistencies and contradictions Some of 
these contradictions could be attnbuted to different dosages 
used by different authors (Compare for instance the 
inhibitory effects of large doses of radiation (Cramer 1932) 
with the augmenting effects with small doses (Mottram 1937), 
and note how the anticarcinogemc chloro-compounds 
studied by Crabtree (1941) sometimes produced slight 
cocarcinogenic effects when tested with different concentra- 
tions of carcinogens ) 

* [See article by H G Crabtree ( B \fB 966) — Ed ] 

* For detailed reviews on factors modifying carcinogenesis, see Rush 1944- 
and Berenblum 1944 
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. comprehensive definition of an anti-carcinogen would 
iclude any factor, intrinsic or extrinsic, which delays or 
revents the emergence of malignant characters in any 
ssue of any species of organism Within a given species 
lese opposing factors range from the natural biological 
achground of the host that is, its genetic, endocrine and 
letabohc constitution to the many varieties of interference — 
letetic, hormonal, chemical or physical — imposed in 
.boratory experiments 

The net result of any given experiment reflects the inter- 
lay of systemic and local responses and their mutual 
ifluences are difficult to disentangle Genetically pure 
rams of mice may react uniformly to a single influence 
g C3H mice to the “milk factor”, but exhibit a wide 
anation of susceptibility to a chemical carcinogen 
Conscious of the diversity of these determinants of both 
arcmogemc and anti-carcmogemc action, workers in the 
eld of anti-carcinogenesis pursue two objectives Firstly, 
J elucidate possible rational modes of controlling the 


development of cancer, with a preventive chemotherapy as 
a distant aim, and secondly, to glean information on the 
specific cell-changes which culminate in malignancy Several 
hundred synthetic carcinogens of a wide variety of chemical 
types are now available and in no case is the mechanism of 
action understood, though in recent years a few clues have 
emerged 


INHIBITORS OF THE INDUCTION OF SKIN-CANCER 

References to investigations up to 1944 can be found in 
several general reviews of cancer research (Cook Haslewood, 
Hewett, Hieger, Kennaway & Mayneord 1937 , Cook & 
Kennaway, 1938, 1940 , Dickens & Dodds, 1940 , Burk & 
Winzler, 1944 , Greenstein, 1945 , Berenblum, 1944 , Rusch 
1944 , Furth, 1944) 

Berenblum (1944) has summarized the experimental work 
on chemical and physical agencies which retard, accelerate 
or leave unaffected the carcinogenic action of tar and poly- 
cyclic hydrocarbons Variable degrees of inhibition have been 
produced by mustard gas and a few of its oxidized and 
substituted derivatives, canthandme CO, -snow, heptalde- 
hyde, a phenolic fraction of tar, simple substances containing 
a labile halogen atom, p-thiocresol and strong sunlight. 
Some more-recently described inhibitors may be recorded 
here Mottram (1945) showed that 3 4-benzpyrene was 
more active when painted on mouse-skin at midnight than 
at midday The startling claims of Maism (Maism Pourbaix& 
Caeymaex 1938) that certain orgamc peroxides when 
injected at high dilution m mice skin painted with 3 4-benz- 
pyrene, profoundly checked tumour induction have been 


^CARCINOGENESIS 
Continued from page 344 

These trends seem to represent a true advance in our under- 
anding of the mechanism of carcinogenesis, the biological 
pproach having succeeded m carrying the problem further than 
:emed possible by a purely morphological approach Yet, 
:cent work (Pulhnger, 1940 , 1941) does indicate specific 

istological changes in the skin in the early stages of treatment 
'ith carcinogens, while more recent cytologica! studies by 
■owdry and his school (Cowdry, 1945), by Giucksmann 


(1945), and others, suggest possibilities of further correlating 
morphological and biological aspects of carcinogenic action 
Finally, attention may be drawn to the practical implications 
(i e m relation to tumour development in man) arising from the 
demonstration that a number of relatively non-specific irritants 
are capable of “ precipitating ” a tumour in a tissue previously 
rendered preneoplastic, though incapable of inducing tumours 
on their own account 
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discounted by Belkin (1942), who repeated this work on a 
large scale and found no effect whatsoever on the normal 
genesis of induced and spontaneous tumours. Twort & Lyth 
(1944) used a colloidal preparation (active constituents, 30% 
tetrachlor ethylenum +10% oleum pirn) and demonstrated 
a retarding effect on tumour induction by tar, 3 4-benz- 
pyrene or shale-oil similar to that produced by their 
lanolm/ohve-oil ointment Crabtree (1940) chose a senes of 
chloro-compounds graded with respect to the reactivity of 
their chlorine atoms and found a parallel effectiveness in 
opposing the carcinogenic action of 3 +benzpyrene and 
12 5. 6-dibenzanthracene. A variety of acid chlorides, 
bromobenzene, unsaturated acids and the mercapturate- 
forming hydrocarbons naphthalene, anthracene and phenan- 
threne all proved potent inhibitors (Crabtree, 1941 , 1944 : 
1945 , 1946), 

Lacassagne, Buu-Hoi & Rudah (1945) applied methyl- 
cholanthrene or 1 2 5 6-dibenzanthracene to the skins of 
mice, together with certain structurally related but non- 
carcinogemc compounds, and recorded a slowing of the rate 
of tumour induction by this device Various aldehydes have 
been used in conjunction with carcinogens Riley & Wallace 
(1941) and Riley & Pettigrew (1944) injected propionaldehyde 
or glyceraldehyde into mice and noted delayed sarcoma 
production , Carruthers (1940), guided by the work of Strong 
(1941), found pure heptaldehyde effective against skin- 
painted methylcholanthrene , Crabtree (1945), however, 
produced negligible inhibitions of 3 4-benzpyrene activity 
with a senes of lower aliphatic aldehydes applied in a 4% 
concentration 

No basic standard of reference is available to permit an 
evaluation of the relative potencies of the various inhibitors 
listed above Within a limited group of anti-carcinogens, 
e g the chloro-compounds used by Crabtree (1940), degrees 
of activity may be discerned when the experimental technique 
and mode of administration are standardized Even on a 
qualitative basis it is difficult to conceive any property 
common to all the inhibitory agencies 

Berenblum (1944) has analyzed the available data in terms 
of a possible relationship between irritation and carcino- 
genesis, but finds this conception inadequate 1 . In seeking 
for a more specific biochemical basis for anti-carcmogemc 
action, attempts have been made to correlate the power of 
checking tumour induction with that of damaging special 
metabolic processes Berenblum, Kendal & Orr (1936) 
measured the effect of mustard gas and allied compounds on 
cell glycolysis, but found no simple relationship between this 
type of activity and anti-carcinogenic power This may well 
have been due to technical difficulties arising from the 
varying solubilities and differing rates of hydrolysis of the 
substances tested. Crabtree (1941) found that a senes of 
acid chlondes inhibited both cell glycolysis and tumour 
induction, but attributed the former to the liberation of HC1 
in the medium used for measurement, le the glycolytic 
checking was non-specific and irreversible Yet a group of 
non-hydrolyzing chlorine compounds, graded with respect 
to the lability of their chlorine atoms, showed anti-carcino- 
genic potencies in the same order as their powers of reversibly 
inhibiting glycolysis (Crabtree, 1940) 

All these halogen compounds could act in another way, 
through condensation with SH-contaming cell-components, 
thus impairing enzyme systems dependent on intact 


SH-groups for their proper functioning To test this po„i 
bihty, other substances were chosen which could disturb 
S-metabohsm by a chemical mechanism different from that 
which operates in glycolytic inhibitions Bromobenzene has 
no effect on glycolysis in vitro, its halogen atom bemg 
relatively unreactive. When fed to animals it is metabolized 
presumably m the liver, and excreted in the urine as a mercap 
turate Applied to mouse-skin, a marked fall m the gluta 
thione level of this tissue ensues, indicating that detoxication 
can take place m the skin itself In conjunction with carcino 
genic hydrocarbons it proved notably anti carcinogenic 
(Crabtree, 1944) 

Another class of chemical compounds, typified by the 
unsaturated maleic and citraconic acids, form addition- 
products with SH-contaimng molecules These also disturbed 
the S-metabohsm of mouse-skin by fixation of glutathione, 
and strongly opposed carcinogenic action (Crabtree, 1945) 
The antagonizing effect of heptaldehyde on skin-tumour 
induction by methylcholanthrene described by Carruthers 
(1940) could probably be attributed to a similar interference 
with S-metabohsm, since aldehydes, under appropriate con 
ditions, combine additively with SH-compounds, though the 
products are readily dissociable 

In investigations into the possible utilization of sulphur for 
the elimmation of carcinogens, negative results were obtained 
with carcinogenic hydrocarbons when injected into rats by 
Elson, Goulden & Warren (1945) or painted on to mice by 
Crabtree (1946), though naphthalene, anthracene and 
phenanthrene, similarly applied, caused urinary mercap 
turate excretion It was shown that each of these hydro- 
carbons, detoxicated in the skin, effectively checked the 
carcinogenic action of 3 + benzpyrene and 1 2 5 6- 
dibenzanthracene (Crabtree, 1946) The inhibitions produced 
by substances structurally allied to the carcinogens 
(Lacassagne et al , 1945) may operate through a similar 
mechanism, though the authors ascribed their findings to the 
possible competitive action between two substrates for the 
same enzyme 

These four classes of chemical substances would appear 
to possess only one common property when in contact with 
living cells, namely, that of checking S-metabolism There is 
no direct evidence that sulphur plays any part in the detoxica 
tion of carcinogens, yet interference with S-metabolism tends 
to oppose the mechanism of carcinogenic action. Without 
referring to the unanalyzed complexities of the biochemistry 
of growth, these facts are most simply reconciled on = 
assumption that the carcinogenic hydrocarbons, probably m 
oxidized condition, become fixed to SH-contaimng * 
constituents, and that inhibitors of S-metabolism antago 
this process by preferential combination. It is tempting 
speculate that disturbance of enzyme function tbrougn , 
formation of a carcinogen-enzyme complex could l&o, i 
cellular adaptation, to the emergence of a new type ofpio 
with autosynthetic properties The hypothesis of 
(1943) postulates that such an abnormal protein may 
in many ways and endow the cell with new charac 
manifest themselves in uncontrolled growth , 

The work of Weigert & Mottiam (1946) on the metabo 
of 3 +benzpyrene, by the aid of fluorescence sprcw, 
shown that a senes of intermediate “mpounds ^- 
ldentified between the hydrocarbon itself 
oxidized denvatives which are excreted These 
contain radicals derived from unknown cell-cons tituen , ^ 
may conceivably represent the true carcinogens 


1 [S«t ilio iruclo by Berenblum 10 thu number OVTS 96S) —ed 1 
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coupling may well involve SH groups and recalls the surmise 
of Wood & Fieser (1940), based on considerations of the 
special chemistry of 3 4-benzpyrene, that such a fixation 
may be an initial stage m the carcinogenic process 


NUTRITIONAL FACTORS AS ANTI-CARCINOGENIC 
AGENTS 

1 Inhibitors of Liver-cancer Induction 

Two of the most potent and widely investigated azo 
carcinogens are 4'-amino-2 3'-azo toluene and N AT-dimethyl- 
p-aminoazobenzene They were discovered by the Japanese 
workers Sasaki & Yoshida (1935) and Kinosita (1937), who 
also studied the influence of diet on hepatoma development, 
and isolated some of the products excreted by their molecular 
breakdown The many confirmations and extensions of this 
work in Britain and USA are reviewed by Kirby (1945) and 
Moms (1945) These carcinogens, because of their simple 
chemistry and easy accessibility seem particularly suitable 
for the investigation of the metabolic changes preceding 
malignant transformation 

They are more selective in their action than the carcinogenic 
hydrocarbons producing predominantly hepatomas and 
cholangiomas when fed to or injected into rats or mice The 
tumours arise most readily m ammals receiving a nutritionally 
incomplete diet, and the induction process can be hampered 
or prevented by a variety of dietary supplements Cancer 
research has revealed nothing more arresting than the 
protecUve action of normal food-constituents on azo- 
carcmogenesis 

The exact nature of the metabolic deficiency which favours 
tumour induction cannot be simply formulated, since a wide 
range of dietary additions prove compensatory * Substitution 
of nee, as first used by the Japanese, by other grams, e g 
wheat rye or millet, lowers tumour incidence and extends the 
latent period. Inhibition has also been achieved by the 
incorporation of nce-bran yeast fiver casein + riboflavin 
casern + B-vitamms or dried whole milk in the basal 
cancer-promoting diet of nee and carrot or a synthetic 
equivalent. Three members of the B-group of vit amins have 
been shown to exert characteristic, but different, influences 
on azo-carcinogenesis Riboflavin proved inhibitory, particu- 
larly when fed with additional protein (Miller, Miner, Rusch & 
Baumann, 1941 , Miner, Miller, Baumann & Rusch 1943) 
On the other hand, pyridoxine seems to act in the opposite 
way , hepatoma development is greatly retarded m its 
absence, but the incidence is augmented as increasing 
amounts are fed (Miner et al 1943) Biotin supplements 
have been shown to stimulate tumour induction, and this 
effect can be annulled by avidm supplied by egg-white which 
inactivates the biotin (Du Vigneaud Spangler Burk, Kensler 
Sugiura & Rhoads 1942) 

It is clear that the accumulated data are not amenable to 
simple interpretaUon The multiple factors which act 
protectively seem to rule out the concepUon of a single and 
specific nutnUonal defect which fosters carcinogenic activity 
unless the many apparent abnormalities are regarded as 
secondary to the lowered functioning of one key enzymic 


process Such considerations have prompted experimental 
work on the identification of the metabolic end-products of 
the azo-dyes, and studies of their effects on isolated enzyme 
systems 

Ammophenols, p-diamines, and benzidine denvaUves in 
free and acetylated form have been isolated. After further 
oxidation, the diamines derived from both carcinogenic and 
non-carcmogemc azo-dyes have been shown to inhibit the 
activity of a dtphosphopyridme nucleotide system, carboxy- 
lase, urease and succinoxidase Kirby’s review (1945) of 
these phases of investigation emphasizes the complexity of 
the data, and makes it clear that no simple correlations have 
emerged between the various degrees of inhibitory power and 
the carcinogenic potency of the parent dyes Potter (1942) 
on the assumption that qumone is the final oxidation product 
and the active agent in these inhibitions attributes their 
action to a fixation of SH containing enzymes 


u The Anti-carcinogemc Effect of Caloric Restriction 

A notable contribution in the field of anti-carcinogenesis 
is the demonstration that restricted caloric intake antagonizes 
the genesis of tumours Tannenbaum (1945) has reviewed 
his comprehensive work on these lines and discussed its 
possible significance in the control of human cancer Briefly, 
he has shown that the incidence of a wide range of spon- 
taneous and artificially induced tumours of mice may be 
delayed or abolished when the available calories are limited 
In a diet deficient in carbohydrates but otherwise complete in 
all the recognized food essentials The mice so fed are stunted 
tn growth to a degree dependent on the restriction imposed. 

Profound endocrine atrophy results from this limited 
dietary, and it is not surprising that, for example mammary 
tumours fail to emerge The whole animal appears to become 
markedly refractory to the most active carcinogens suggesting 
concomitant metabolic derangements of great complexity 
The experiments emphasize the importance of the nutritional 
background of the host in determining cancer susceptibility 
Indeed Tannenbaum (1940), moving from mouse to man has 
analyzed the statistics of cancer mortality from the records 
of insurance companies and unfolded a correlation between 
overweight persons and their increased liability to cancer 
He advocates a lower food-intake as a measure in the control 
of human cancer 

m The Anti-carcinogemc Effect of Diets Deficient in 
Essential Ammo-acids 

White (1944) surveys work on the lowered incidence or 
m ammar y tumours in mice resulting from inadequate amounts 
of the essential amino-acids cystme and lysine in the diet. 
Here the inhibitory acUon is clearly indirect, since the 
abnormal diet initiates a progressive suppression of ovarian 
function and mammary tissue fails to proliferate 

It is evident that the time is not ripe for comprehensive 
generalizations on the mechanisms of anti-carcinogenesis as 
would be anticipated from our limited understanding of 
carcinogenesis itself 
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The fact is now well recognized that the incidence of tumours, 
following the injection of a solution of a carcinogenic com- 
pound into animals, is greatly dependent on the nature of 
the solvent Before the description of this phenomenon, it 
is desirable to indicate briefly why it has seemed to be worthy 
of detailed study. Any type of agent which is able to exert 
a controlling influence upon carcinogenesis is obviously of 
mterest, not only because the possibility exists that the 
investigation of such agents may eventually lead to a more 
generalized control of some forms of cancer, but more 
particularly because such control may reasonably be expected 
to shed light on the most obscure stage of the action of 
chemical and other carcinogens, namely the mechanism of 
the primary induction of the carcinogenic change 
In spite of the vast range of chemical carcinogens of known 
constitution now available, numbering over 200, there is as 
yet no clear common property which they all possess and 
which might be considered as initiating the process of 


carcinogenesis On the contrary, the available carcinogens 
include, besides the well-known polycyclic hydrocarbons 
substances such as urethane, carbon tetrachloride, sugar 
solutions, and even bakelite discs (Turner, 1941), quite apart 
from viruses and such purely physical agents as ultra violet 
and short-wave radiation, heat and cold It has even been 
questioned if we have not too many carcinogenic agents, 
rather than any real understanding of how any single one 
of them acts 

The reviews of Crabtree 1 and Berenblum* have already 
indicated how the study of control of the action of carcinogens 
may provide a hopeful mode of approach to this outstanding 
problem of the primary induction of tumours Among such 
agents, the solvents are particularly worthy of study, because 
the types of solvent which are quite active in this respect 
include naturally-occurring fats and hpids, substances which 
have usually been regarded as more or less inert, though 
indispensable, components of all tissues, these substances not 
being characterized by any violent reactivity in the ordinary 
chemical sense 

In this respect, therefore, solvents appear to be in a different 
category from the reactive halogen-substituted compounds 
studied particularly by Berenblum (1929, 1931, 1935) and 
Crabtree (1941, 1944), the unsaturated dicarboxyhc acids 
(Crabtree, 1945), or the compounds of sulphur such as the 
sulphydryl-contaimng tissue ammo-acids, believed to be 
concerned in the action of these compounds In fact, this 
lack of chemical reactivity raises the question of whether the 
solvents depend on physical or chemical characteristics for 
their effects , evidence of the importance of minor com 
ponents, tending to support a predominantly chemical 
explanation, will be discussed later This is closely connected 
with the effect of the solvent upon the rate of elimination of 
the carcinogen from the animal body, which has now been 
measured systematically m a selected series of solvents , the 

' [See (BMB 966) in this number —Ed I 
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results lea\e no doubt that a very wide variation in the rate 
of elimination occurs according to the particular solvent used 
and this in turn may be reflected in the suppression or 
augmentation of carcinogenic power of the hydrocarbon 
although it is only under otherwise highly favourable circum- 
stances that this property is capable of providing a simple 
explanation of the solvent effect 
From the immediate practical point of view, it is also 
important that these properties of various solvents should 
be more clearly understood, so as to make effective any 
comparison of the activity of various carcinogens For the 
purposes of testing such substances, a wide \ariety of solvents 
has been used by various workers and their results are 
therefore not readily comparable and may even be mis- 
leading without such information 


Mode of Administration of Carcinogen 

In the following account only the results of experiments 
in which carcinogenic hydrocarbons were injected subcu- 
taneously into the animal will be considered The effect of 
solvents on the producuon of skin-tumours is discussed 
elsewhere in this volume , it is however, interesting to note 
here that there may be profound differences m the action of 
any one solvent according to whether it is applied externally 
or by injection. For example, Morton & Mider (1940) 
found that whereas a fatty extract of mouse carcasses 
inhibited carcinogenesis when used as a solvent for the 
subcutaneous injection of 3 4-benzpyrene mto mice, a 
similar extract applied to the skin of mice just before they 
were painted with a benzene solution of the carcinogen 
yielded an increased number of tumours Watson (1935) 
had previously described in rats a similar effect which he 
observed with mixtures of pinene tar and rat-tissue extracts 
Baumann and co-workers (Baumann Rusch, Kline & Jacobi 
1940) found that cholesterol when dissolved in cottonseed 
oil (though not in benzene), definitely stimulated the rate of 
tumour producuon resulting from the painting of benzpyrene 
on the ears of mice On the other hand, painting a benz- 
pyrene solution in extract of mouse carcasses was found by 
Mortqn & Mider (1940) to give fewer skm-tumours than a 
similar solution in benzene 

By restricting the present discussion to subcutaneous 
administration, a good deal of confusion will thus be avoided , 
but the special advantage possessed by subcutaneous 
administration lies in the fact that it is the only feasible 
method which permits accurate quantitative analyses of the 
amounts of carcinogen present at any time after the injection 
as well as the administration of an accurately-measured dose 


Choice of Dose of Carcinogen for Testing Pro- and 
Anti -carcinogenic Effects 

Many of the earlier workers used very large doses of 
carcinogen in an endeavour to ensure a high incidence of 
stnt° UtS ^ Ut t * US P roce< * uro 13 quite unsuited for the demon- 
I hi 0a ^ ro ~ or atdt-carcinogemc effects since these are 
to be completely masked by the excessive carcinogenic 
wivity This fact clearly recognized by Sail & Shear (1940) 
of x e ^^ u “ 10R t0 recommend doses of the order of 0 1 mg. 
4-benzpyrene or 1 2 5 6-dibenzanthracene as a 
o amount for subcutaneous injection into the sensitive 


FIG I 
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Fig I Incidence of local tumours In relationship to dosage of 
carcinogen Data of Bryan & Shlmldn (1943) Subcutaneous 
Injection into Strain C3H mice of solutions in 0 25 ml 
tricaprylln — 

A ■=* 3 4-benzpyrene 
B = methylcholanthrene 
C = I 2 5 6-dibenzanthracene 
Dosage of carcinogen as milligrams (upper abscissae) or as 
log milligrams (lower abscissae) Ordinates incidence of 
tumours (%) 


(C3H) strarn of mice used by them , for the still more active 
methylcholanthrene, the dose would have to be reduced to 
about 0 02 mg The mice used by the writer give about a 
50% cancerous response to doses of 0 3 mg of 3 4-benz- 
pyrene injected subcutaneously in 0 3 ml of a “ neutral 
solvent , a “ neutral ” solvent here implies one that neither 
promotes nor retards carcinogenesis This is therefore a 
convement dose for tests with these particular mice Fig. 1 
adapted from the paper of Bryan & Shimkin (1943) shows 
the relationship between dose and tumour incidence observed 
by them. 

The relationship of log dose to tumour incidence plotted 
on a scale of probability units approximates to a straight line 
or y = 4 97 4- 1 75 (x + 1 01), where y = the calculated 
probit value and x is dose of 3 4-benzpyrene in log mg 
Doses between about 0 05 and 0 3 mg. of benzpyrene fall 
within the useful range for tests of this land all experiments 
(on mice) with much larger or smaller doses are of little value 
for the present purpose. 
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Solvents which lead to a Relative]} High Incidence of 
Tumours 

For convenience we may distinguish between those solvents 
which appear to inhibit carcinogenesis and those which do 
not, although the distinction is by no means always definite, 
and the same solvent may give variable results at the hands 
of different workers, for reasons as yet mostly undefined. 

Solvents hitherto described, as yielding a high incidence of 
tumours even when they have been used for relatively small 
doses of carcinogen, include sesame oil (Strong & Smith, 

1939) , arachis oil (Athias & Furtado-Dias, 1938), olive oil 
(Peacock & Beck, 1938), paraffin (Dunning, Curtis & Bullock, 
1936), several synthetic glycerides (Shimkin & Andervont, 

1940) , benzene (Murphy & Sturm, 1941), and some samples 
of lard (Andervont & Lorenz, 1937) Cholesterol in the 
presence of sufficient carcinogen also probably belongs to 
this group (Shear & Lorenz, 1939 , Shear & lifeld, 1940) 
Many of these solvents are mixtures of variable composition, 
and in the case of lard (Shimkin & Andervont, 1940) the 
effect on carcinogenesis has been shown to vary from batch 
to batch. Some possible reasons for this will be suggested 
later 


Solvents which Prevent, Dimmish, or Delay Carcinogenesis 

Certain solvents, mostly complex mixtures, have previously 
been shown to exert an apparently anti-carcinogenic effect 
Watson (1935) found that pinene tar mixed with rat-tissue 
extract gave rise to no tumours on subcutaneous injection 
into rats, but mixed with paraffin wax it produced sarcoma in 
3 of 12 rats. Peacock (1935) had independently reported 
stnkmg'dxfferences in the carcinogenic activity of 1 2 5 6- 
dibenzanthracene injected intramuscularly into fowls with 
lard, half the animals developed tumours , with “ egg-yolk 
fat ” or “ chicken fat,” no tumours appeared More 
recently, Murphy & Sturm (1941) have found in similar 
experiments that whereas 96% of tumours were obtained by 
benzene solutions, the local carcinogenesis with lard (30% of 
tumours) and chicken fat (10%) was much lower , on the 
other hand, distant tumours and other indications of dispersal 
(hver damage and leukosis) were observed only with the 
2 latter solvents 

Results similar to those of Peacock (1935) were reported 
for mice by Peacock & Beck (1938), who used in this senes of 
experiments 0 5 to 1 mg of 3 4-benzpyrene given subcu- 
taneously Whereas the powdered solid substance, or its 
solution m ethyl ether or in “ mouse-fat ” produced only a 
few tumours, carcinogenic activity was pronounced when 
the solvent was olive oil, “ mouse lipoids containing fats and 
sterols ", or a mixture of olive oil and paraffin In this 
second group, “ the solvents used tended to be retamed at 
the site of injection, and also to render the absorption of 
benzpyrene slower ” (Peacock & Beck, 1938) The solvents 
of the former group were regarded as producing an effect 
tantamount to solution in the mouse’s own fat 

Morton & Mider (1939) obtained only 1 tumour m 44 mice 
which had received subcutaneously 0 25 mg of 3 4-benz- 
pyrene dissolved in a light petroleum extract of mouse 
carcasses, while the same amount of hydrocarbon dissolved 
in sesame oil produced 36 tumours in 46 mice 

The striking results of Peacock & Beck and Morton & 
Mider could not be confirmed by Oberling, Guerin & Sanme 


(1939), Oberling, Guerin & Guerin (1939), or Shimkin k 
Andervont (1940) These authors found no effect of homolo- 
gous fat, from the rat and mouse respectively, on turnout 
production by carcinogenic hydrocarbons Shimkin & 
Andervont also obtained no special effect when hver fat, 
brain fat, abdominal fat, chest fat, or fat from the rest of the 
body of the mouse was used as solvent 
Some of the anomalous results can probably be excluded 
from consideration merely on the ground that the doses of 
carcinogen used were too high, as has been discussed abou, 
Thus Oberling and his associates (1939) and Shimkin & 
Andervont (1940) both used very high doses , the forma 
25-75 mg of benzpyrene injected into rats, and the latter 
0 5 mg or more of the highly active carcinogen methyl 
cholanthrene into mice Such doses are already sufficient to 
give a maximum carcinogenic response and are not therefore 
suitable for revealing an anticarcinogemc action, unless very 
powerful, nor could they be used to detect any procarcmo- 
gemc effect 


Use of Homologous Solvents 

In view of these inconsistencies, it was decided to mvesti 
gate the relation of solvent to carcinogenesis in some detail 
(Dickens & Weil-Malherbe, 1942) The first points to be 
cleared up were (a) confirmation of the anti-carcinogenic 
effect of homologous fat, l e , of fat obtained from the same 
species of animal, on which the experiments of Peacock & 
Beck, and of Morton & Mider, cited above, had already 
focussed attention. The work of both groups of authors 
stressed the possible importance of the fact that fat from UK 
same species might be less “ foreign ” to the animals, an so 
produce less local reaction to the injection, a point to wlu 
Peacock & Beck were the first to attach particular importance 
In their view, such homologous solvents tended to be retain 
at the site of injection, and also to render the absorption ^ o 
benzpyrene slower. This impression was based on 
examination of the animals, the presence of fluorescence 
the ultra-violet beam being taken as a rough measure 
persistence of the hydrocarbon at the injection si 
These observations therefore needed to be re 0 
( b ) the use of body-fat obtained from a quite differen ' 

and (c) exact measurement of the rate of elimrna 
carcinogen, visual observation by qualitative me ^ 
in our experience, a very insecure guide to “ if . inn0 fa 
injected benzpyrene Step (c) involved the ela nogen 

rapid and accurate method for the estimation o ^ 

in animal tissues, which was successfully ac hie 

Malherbe, 1944a, b) by a combination of chroma £j UeJ , 
purification of the benzpyrene extracted to 
with its fluonmetnc estimation in the purin ^bitotf 
No difficulty was experienced in confirming rc y 

effect on tumour incidence when a solution ^itf* 

in mouse fat was compared with the same found 

pyrene dissolved m sesame or arachis oil, . ~ ,-rucIo extract 
that a considerable degree of purification 0 . 0 f this 

of mouse carcasses could be achieved wi » wnici 

property. A freshly prepared “ neu ^ fat “p^uoa 
had been partially freed from phosphohpms y P 
with acetone, still showed an inhibitory )use fat A) 

carcinogenesis (see Fig. 2) This prepara bolrpia 5 

contained about 2% cholesterol and 1 5/. 

(Dickens & Weil-Malherbe 1942) 
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FIG 2 



Fiji Incidence of local tumours following the injection Into 
mixed-strain mice of 0 3 mg 3 4-benzpvrene dissolved In 
0 3 ml of following — 

A — sesame oil 
B -» aracfiis oil 

C «= mouse fat, not highly purified (Sample A) 

D ■= ox brain lipids 
Abscissae weeks after injection. 

Ordinates incidence of tumours (%) 

(Dickon* & WelUMaJherbe 1942) 


That this inhibition was not limited to homologous fat was 
shown by the fact that it was possible to prepare from ox- 
braia a mixture, containing fats phospholipins, and 
cholesterol, which also led to the occurrence in the mice of 
fewer tumours than the control solutions of benzpyrene in 
sesame and arachis oils (Dickens & Weil-Malherbe, 1942 , 
see Fig. 2) Out of an effective total of 29 mice receiving 
subcutaneous implants of pellets of 0 3 mg ox-brain Lipids 
containing 0 3 mg. benzpyrene, only one mouse developed 
a tumour, whereas among an effective total of 40 mice injected 
with the same dose in vegetable oils, 30 animals developed 
tnahgnant tumours 

Differences between Animal and Vegetable Fats 

The fact that the inhibitory effects observed were shown 
y fats and lipids from animal sources, and were absent from 
w vegetable ods tested suggested that they might be con- 
f tK W1 ^ one or raore components present in the animal 
a but absent or present in insufficient amount, m the 
vegetable oils Among the components notably present in 
animal fats are phospholipins and highly unsaturated fats, 
glycerides of arachidomc and clupanodomc acids, and 
esc were therefore tested for anticarcinogemc activity 


(It is not implied that there may not be other components 
concerned, particularly antioxidants other than phospho- 
lipins a possibility discussed below ) Accordingly purified 
lecithin and cephahn were prepared from ox-brain, made 
into thick pastes with an equal weight of tricapryhn and used 
as solvents for the standard dose of 0 3 mg benzpyrene 
As an example of a fat unusually rich in polyethenoid 
unsaturated acids cod-liver oil was chosen There was a 
notably lower incidence of tumours in the lecithin and 
cephahn groups of mice (9 % to 1 1 % of mice had local 
tumours) than in the control group which received tncapryhn 
solution of benzpyrene (33% of tumours) On the other 
hand, the incidence m thecod-liver-oil group was substantially 
the same (37%) as in the tncapryhn group The only effect 
attnbutable to the use of cod-liver oil was a tendency to 
earlier tumours (Weil-Malherbe & Dickens 1944) The 
phospholipins however, even when considerably purified 
had an inhibitory effect on benzpyrene carcinogenesis , an 
observation that accorded well with the inhibitory action 
observed m our earher experiments with the cruder bratn 
lipids the latter material being also fairly nch in 
phospholipins 

The fact that the highly unsaturated fatty acids were not 
responsible for the inhibitory effect agrees with the correla- 
tion noticed by Leiter & Shear (1943) between the retardation 
of tumour induction and the degree of saturation of the 
long-chain fatty acids present in a triglyceride solvent , the 
abundance of unsaturated fatty acids m cod-liver oil may 
even have been responsible for the earher appearance of 
tumours with this solvent in comparison with the fully 
saturated tncapryhn A special affinity of growing tumour 
tissue for highly unsaturated fatty acids is suggested by the 
observation of Smedley-McLean and co-workers (Smedley- 
McLean & Nunn 1941 , Smedley-McLean & Hume, 1941) 
that these acids disappear from the subcutaneous tissues of 
rats bearing rapidly-growing transplanted tumours 

Further evidence supporting the relaUve unimportance of 
unsaturation in regard to the total incidence of neoplasms 
was provided by a comparison of unsaturated fats with the 
same fats after catalytic hydrogenation (Dickens & Weil- 
Malherbe, 1946) Hydrogenated cod-hver oil used as a 
solvent for benzpyrene, gave a slightly lower incidence of 
tumours and a longer induction period than the unhydro- 
genated solvent, though the difference in total incidence was 
not statistically significant A sample of nearly pure neutral 
triglyceride prepared from dissected adipose tissue of the 
mouse was only slightly more procarcinogemc after hydro- 
genation than was the same fat in its natural unhydrogenated 
state There was therefore no consistent correlation between 
degree of hydrogenation of the solvent and the carcinogenic 
activity , m any event the effect of hydrogenation on 
carcinogenesis was shght. 

In these experiments careful measurements were made of 
the rates of elimination of the carcinogen from the body of 
the mouse The rate was accelerated m the unsaturated 
fats, but after then hydrogenation the rate of elimination 
was slowed down to equal that observed with tncapryhn. 
The latter solvent behaved as a truly “ neutral ” dduent, and 
did not affect the tumour incidence observed with solvents 
with which it was mixed. This point has been of practical 
use m diluting and liquefying solvents which would other- 
wise be too hard or too viscous for injection and m the later 
experiments tncapryhn provided a reliable standard solvent 
for purposes of comparison 
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The Nature of the Anticarcmogemc Factor in Crude 
Mouse Fat 

In order to investigate this question, mouse fat was 
prepared which consisted mainly of the triglyceride fraction, 
admixed with some cholesterol (0 167%) but containing very 
little phosphohpms (0 05%) This was done by dissecting 
out the adipose tissue before extracting it with acetone , 
previously we had followed other workers in extracting the 
whole mouse, a process which invariably yields a material 
containing much higher amounts of phosphohpm, as well as 
more cholesterol 


FJG 3 



Fig 3 Incidence of local tumours Data as for Fig 2 Solvents 
used — 

A = mouse fat, purified (Sample B) plus equal vol 
tricaprylln 

B = mouse fat, purified (Sample B), alone 

C = tricaprylln alone 

D = mouse fat, not highly purified (Sample A), kept 
3 years 

E = mouse fat, not highly purified (Sample A), freshly 
prepared 

Abscissae weeks after injection , 

Ordinates incidence of tumours (%) 

This purer mouse fat (preparation B, Fig 3) proved to have 
no inhibitory effect on carcinogenesis (Dickens & Weil- 
Malherbe, 1946). Moreover, the cruder mouse fat originally 
found to be anticarcmogemc (preparation A, Fig 3), after it 
had been kept at room temperature for 3 years was found to 
have lost its anticarcmogemc action (see Fig 3) 

These experiments strongly suggested that an unstable 
component of the original mouse fat was concerned m its 
anticarcmogemc activity. Since the experiments described 
above did not support the view that unsaturated fatty acids 
were responsible, the most obvious component likely to be 
anticarcmogemc appeared to be the phosphohpms, even 
though these were present to the extent of only about 1 5 % 
in the original mouse fat (preparation A) The experiments 
of Weil-Malherbe & Dickens (1944) had shown that 50% 
solutions of phosphohpms were inhibitory towards carcino- 
genesis, but it remained to be shown that much weaker 
solutions, of about the same concentration as that of phospho- 
hpms in the mouse fat, were also inhibitory Since the 
mouse-fat preparations all contained some cholesterol, the 
effect of this component was also tested 


Action of Dilute Solutions of Phosphohpms and Cholestero 
on Carcinogenesis and Elimination 'Rates 


Fig 4 shows the incidence of neoplasms following the 
injection of solutions of benzpyrene m (a) pure tncaprylm 
(o) 3 /o cholesterol in tncaprylm, (c) tricaprylln containing 
1 5 % brain cephahn and 15% brain lecithin fWeil 
Malherbe & Dickens, 1946) The tumour incidence at 20 
and 30 weeks was cholesterol series, 79% and 82 y 
tricaprylln 38% and 46%, phosphohpms 12% and 47% 
respectively The mean rates of elimination of benzpyrene 
from the animals are shown in Fig 5, from which it is clear 
that the rate is accelerated when the solvent contains 
cholesterol and inhibited m the phosphohpm solution, as 
compared with tncaprylm The values of the elimination 
constants (k) shown on the curves (Fig 5) are calculated for 


a unimolecular type of equation, k =- - log A , where t = 

t s 

time m days from injection of an amount A of benzpyrene, 
s ~ amount remaining Statistical analysis showed that the 
values of k were significantly different m the different solvents 
(P< 0 01) 

In these experiments, where considerable care was taken 
to equalize as far as possible all the variables other than the 
solvent, and also to compare only solvents of closely similar 


FIG 4 
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FIG 5 



lg S Mean elimination rates of 0 3 mg 3 4-benzp/reno after it s 
subcutaneous injection into Glaxo FF mice. Solvents — 

A =» tricaprylin containing I 5% cephailn and I 5% 
lecithin 

B =* tricaprylin alone 

C ■=* tricaprylin containing 3% cholesterol 
The amounts remaining in the bodies of the mice are shown 
on the ordinates , left scale = log micrograms of benz- 
pyrene , right scale => milligrams of benzpyrene Abscissae 
days after injection Mean values of the elimination constant 
(k. for definition see text), together with their standard 
errors, are shown on the curves 
WelPMilhubo & Dlckeru 1946) 


physical properties, the surprising result was obtained that 
he more rapid elimination of benzpyrene was associated with 
he higher carcinogenic activity, and slower elimination 
nth lower activity It would be unwise to generalize from 
hese findings too widely, but the results nevertheless clearly 
how the incorrectness of the view that rapidity of elimination 
>f the carcinogen is necessarily what determines low carcino- 
temc activity in such cases On the contrary, it is suggested 
hat the results become explicable if the participation of the 
carcinogen in metabolic reactions is regarded as a sine qua non 
. lts ^hvity Presumably such participation would take the 
orm of oxidative conversion of the hydrocarbon to a 
netabohte, which may be primarily an unstable precursor 
■ c Weigert & Mottram, 1946a, b) of the phenolic com- 
pounds hitherto isolated m metabolic investigations of the 
ate of injected hydrocarbons (Chalmers & Peacock 1941 , 
derenblum & Schoental 1943) 


On this basis, the delayed elimination of benzpyrene 
observed by Weil-Malherbe & Dickens (1944, 1946) in the 
presence of phosphohpins could perhaps be accounted for 
by the known antioxidant properties of these compounds 
In a study of the in vitro oxidation of benzpyrene in the 
presence of autoxidizmg dioxan, which acted here both as 
solvent and inducer of oxidation of benzpyrene it was found 
that phosphohpins effectively inhibited the oxidation of the 
hydrocarbon (Dickens, 1946) Thus the antioxidant properties 
of the phosphohpins might furnish a rational explanation of 
their anticarcmogenic action if only as a provisional working 
hypothesis It is quite probable that this reaction would be 
enhanced by other antioxidants present in natural fats, which 
are known to be capable of synergistic action (cf Hickman, 
1943), and of winch some may be even more effective than 
the phosphohpins On the other hand it must be admitted 
that no such explanation is at pfesent available for the 
procarcinogemc action of cholesterol, which was not found 
to accelerate the m vitro oxidauon of benzpyrene, m experi- 
ments similar to those mentioned above 

An important corollary of the above hypothesis would be 
that the true carcinogen is not the hydrocarbon itself— -which 
may lie in contact with tissues for months, m the presence 
of a suitable inhibitor, without producing cancer — but that 
the active metabolism of the carcinogen is a necessary con- 
dition for its carcinogenic activity If this is so, a metabolite, 
presumably produced by oxidative metabolism from the 
hydrocarbon, should probably be regarded as the true 
carcinogenic substance 

It is not unlikely that further extension of this work may 
greatly modify these preliminary suggestions A major 
problem is to distinguish between physical and chemical 
influences on elimination rates It is evident that merely the 
rapid excretion of a carcinogen due, for example, to the 
presence of a solubilizing agent, would not, on the above 
theory, be expected to augment carcinogenesis Some 
confirmation of this has been obtained by Weil-Malherbe 
(1946c), who injected mice with the true aqueous solutions 
of benzpyrene obtainable by the use of purine derivatives as 
solubilizers (Weil-Malherbe, 1946a, b) Under such con- 
ditions, the rate of elimination of the water-soluble benz- 
pyrene was extremely rapid, about twenty times that observed 
in tricaprylin, and only a very low incidence of cancer 
resulted As a provisional hypothesis, therefore, it is 
suggested that those inhibitory solvents which retard elimina- 
tion, inhibit chemically the oxidation of the hydrocarbon, and 
owe to this property their anticarcmogenic action 
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METABOLISM OF CARCINOGENIC 
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Although aromatic hydrocarbons are insoluble in water, they 
have definite biological effects Benzene has a destructive 
action on myeloid tissue, naphthalene causes degeneration 
of the crystalline lens in rabbits (Adams, 1930), and many of 
the more complex polycyclic hydrocarbons are carcinogenic 
and inhibit growth These biological actions may be due to 
the hydrocarbons themselves but, in view of their insolubility 
in water, it is possible that the action occurs in the lipoid 
phase or oil-water interface of tissues, or that the hydro- 
carbons are converted into water-soluble compounds which 
are the proximate causes of the biological effects 
The metabolism of a drug may lead to activation or 
detoxication. The metabohsm of prontosil results in the 
formation of sulphamlamide, which is a bacteriostatic 
compound The further metabohsm of sulphamlamide to 
acetyl sulphamlamide is a detoxication or mactivation- 
process The hydrocarbons anthracene and the carcinogenic 
1 2 5 6-dibenzanthracene are metabolized to different 
products by rats and rabbits Now whereas the injection of 
1 2 5 6-dibenzanthracene into rats generally leads to 
tumour formation at the site of injection, such treatment 
rarely (if ever) produces this effect m rabbits The two 
tumours m rabbits described by Haagensen & Krehbiel (1936) 
were induced when the 1 2 5 6-dibenzanthracene was 
liyected in liquid paraffin at 80° C The combined action of 
heat and carcinogenic agent may possibly produce an effect 
different from that of the carcinogen alone, and these two 
tumours are the only ones described as occurring at the site 
of injection out of several hundred rabbits which have been 
injected 


It is possible that the difference in response of thu h, 
species is due to difference m metabohsm The tissues of 
rats may transform the hydrocarbons into carcinogen^ 
substances, while rabbit tissues convert 1 2 5 6-dibenzan 
thracene into non-carcinogemc derivatives Although this 
hypothesis fits the facts, much work still requires to be done 
before it becomes more than a hypothesis If it could be 
substantiated, we should be nearer to understanding the 
nature of the process of carcinogenesis If metabolic changes 
are involved in the whole process, then it might be possible 
to prevent the carcinogenesis by changing the metabolism 
by dietetic or other means 


Benzene, Naphthalene and Chrysene 


The conversion of benzene to phenol in men and dogs 
was first shown by Schultzen & Naunyn (1867) Benzene 
is also converted to catechol and hydroquinone, while a small 
amount is converted to mucomc acid by opening of the 
benzene ring It is remarkable that the mucomc acid 
excreted by rabbits is of the trans-trans form, and that the 
cts-cts form is apparently converted into the trans-trans form 
on standing as a solution in urine from a rabbit dosed with 
benzene (Drummond & Fmar, 1938) Benzene is also 
excreted as phenyl mercapturic acid, which has been isolated 
from the urine of rats dosed with benzene or phenyl /-cysteine 
(Zbarsky & Young, 1943) 

The fate of naphthalene m the animal body has also been 
studied for a long tune Baumann & Herter (1877) found 
that the urine of dogs fed with naphthalene contained a soluble 
compound which gave naphthalene on treatment with acid 
This soluble naphthalene precursor has still not been isolated 
Lesmk (1888) isolated a-naphtholglycuromc acid from the 
urine of dogs dosed with naphthalene, and Bourne & Young 
(1934) isolated /-a-naphthylmercaptunc acid from the urine 
of rabbits dosed with naphthalene, and confirmed its structure 
by synthesis These results show that, m the metabolism of 
naphthalene, a-substitution occurs and derivatives of 
a-naphthol (I) are found 1 

The metabolism of chrysene has been studied by Berenblum 
& Schoental (1945), who injected the substance into rats and 
examined the excreta By the use of chromatographic 


•Young (1946) has now isolated an optically active [ j 

dihydronaphthalene from the urine of rats dosed with J!? p ,5?n rcai rsor of d>» 
which gives a naphthol on and hydrolysis is probably the precursor 
a naphthol which had previously been isolated from urine 
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analysis, a phenol was isolated which was converted into a 
methoxychrysene This methoxychrysene was shown to be 
identical with 3-methoxychrysene, which had been synthesized 
by Cook & Schoental (1945) The chief metabolic product 
is therefore 3-hydroxychrysene (II). Substitution has not 
taken place in the chemically reactive 2-position, but in the 
less active 3-position, which corresponds to the a-position 
of a substituted naphthalene nucleus 


Anthracene 

The study of the metabolism of anthracene has revealed 
peculiar differences between species When anthracene is 
fed to or injected into rats or rabbits, several water-soluble 
derivatives are excreted in the urine The most abundant 
metabolites are the “ diols ”, or 1 2-dihydroxy-l 2- 
dihydroanthracenes (III) and their monoglycuromdes 
(Boyland & Levi, 1935 , 1936a) The physical properties 
of the compounds and derivatives obtained from the two 
species are given m Table I 


TABLE I PHYSICAL PROPERTIES OF ANTHRACENE 
DERIVATIVES OBTAINED FROM URINE OF RATS AND 

RABBITS 


Property of compound derived 
from 


Melting point of 1 

2-dihydroxy-l 

Rat urine 

2- 

Rabbit urine 

dihydroanthracene 

160-161° 

184° 

[a] 0 in dioxan of 1 

2-dihydroxy-l 

2- 


dihydroanthracene 


-80° 

0° 

Melting point of 1 

2-diacetoxy-l 

2- 


dihydroanthracene 

• 

122 and 147° 
(dimorphic) 

122° 

[a] 0 in dioxan of 1 

2-diacetoxy-l 

2- 


dihydroanthracene 

240° 

0° 

[a] 0 in dioxan of 1 

2-dihydroxy-l 

2- 


dihydroanthracene glycuromde 

-114° 

4-197° 


Boyland & Shoppee (m press) have made a further examina- 
tion of these diols and conclude that both compounds have 
the cis structure, and that the rabbit diol is an optically 
mactive mixture of the d and / forms Both types of 
dihydroxydihydroanthracene are easily dehydrated to give 
the phenolic a-anthrol or 1-hydroxyanthracene (IV) The 
properties of the glycuromdes of the dihydroxydihydro- 
anthracenes (V) are also different, although these also lose 
water and give a-anthrol glycuromc acid on treatment with 
acid 

These experiments established the fact that a hydrocarbon 
can be attacked in the animal body m such a way that the 
elements of hydrogen peroxide are added to yield neutral 
water-soluble compounds This reaction has been called 
“ perhydroxylation ” (Fieser, 1941), and is of particular 
interest in view of the stereochemical differences found in 
the two species which were examined 

The urine of both rats and rabbits which had been dosed 
with anthracene gave free anthracene when heated with acid 
The actual anthracene precursor has still not been isolated 
but, by analogy with the dihydroxy-dihydroanthracene 
results, it seems possible that it is a hydroxy-dihydroanthra- 
cene (VI) which, on treatment with acid, loses the elements 
of water Both rats and rabbits also excrete /-anthryl- 
mercaptunc acid (VII) (Boyland & Levi, 1936b), but m 
this case the same product is excreted by both species 

Quick (1937) has suggested that “ the union of cysteine 
with the hydrocarbon might be the first and only step available 
to the organism for attacking the unsubstituted aromatic 
nng and that as a further reaction the mercaptunc acid is 


replaced by a hydroxyl group” ’This hypothesis still 
remains unproved, but the fact that phenylcysleme is excel d 
as phenylmercapturic acid indicates that the linkage between 
cysteine and an aromatic compound is not readily altered 
m the body. 

An interesting point about anthracene metabolism is that 
the reacting groups enter the molecule on carbon atoms 
which are not particularly reactive In most chemical 
reactions the meso- or 9- and 10-positions are usually 
attacked, whereas in animals substitution takes place on the 
1- or 2-carbon atoms of the side rings This type of action, 
m which hydroxylation occurs at centres of secondary 
reactivity, has also been found in metabolism of more 
complex hydrocarbons It is possible that the hydrocarbon 
is combined with an enzyme or with some other tissue con 
stituent (such as ascorbic acid, cf Warren, 1943) or a purine 
(Weil-Malherbe, 1946) through the 9- and 10-carbon atoms, 
so that the side rings are the only rings open to attack The 
carcinogenic activity of 9 10-dimethyl-l 2-benzanthracene 
and of 9 10-dimethylanthracene shows that the unsubsti 
tuted meso-positions are not essential for carcinogenic action 
On the contrary, substitution of these centres of chemical 
activity by methyl groups increases the carcinogenic activity 


1 . 2-Benzanthracene and 9 10-Dimethyl-l 2-Benzanthracene 
Anthracene is not carcinogenic, but 9 10-dimethyl-l 2 
benzanthracene and 1 2 5 6-dibenzanthracene are carcino 
gemc when tested by the usual methods 1 2-benzanthracene 
is a border-line substance with slight carcinogenic activity 
Berenblum & Schoental (1943b), with Holiday (1943), 
examined the faeces of mice and rats which had been injected 
with 1 2-benzanthracene By chromatographic analysis on 
alumina they isolated a fluorescent phenol The phenol was 
converted into the more stable methoxy-compound which 
was compared m chromatographic behaviour, fluorescence 
spectra and absorption spectra with 9 10 -dimethoxy- 
1 2-benzanthracene and with 4 , -methoxy-l 2 -benzanthra 
cene The evidence obtained suggests that 1 2 -benzanthra- 
cene is converted into 4'-hydroxy-l 2 -benzanthracene (VJ ) 
by rats and mice 

Dickens & Weil-Malherbe (1945) have obtained spectro- 
graphic evidence that 9 10-dimethyl-l 2 -benzanthracene 
is converted to the 4'-hydroxy-9 10-dimethyl-l 
anthracene by rats Thus the chemical processes in 
metabolism of the carcinogenic 9 10-dimethyl- j- 
anthracene and of the doubtful camnogen 1 1 2 -benzanmw 
cene are similar 


1 2 5 6-Dibenzanthracene 

The changes undergone by 1 2 5 
in the body are of particular interest, “ th ^ sub ^ is st]U 
the first known carcinogen of definite structure ^ 

the most potent from the quantitative aspec w 
into mice (Bryan & Shimkin, 1943) , was 

A metabolic product of 1 2 5 6-dibenanthm«ns \ 
first isolated from rabbit urine by Levi & Roe 

and later characterized by Boyland, Levi, Dobriner and 
(1941) and Dobrmer, Rhoads s pec,e> 

tus co-workers studied the metabolism bot |j u ruis 

and recovered 1 2 5 G-dibciuanthrace subcu taneotii 
uid faeces of rats, mice and rabbits evJ denw 

njection of the hydrocarbon They also ua s 

ndicating that a compound with phenolic properties 
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excreted by rats and mice, and that a different dihydroxy- 
1 2 5 6-dibenzanthracene was excreted by rabbits The 
substance isolated from the urine of rats and mice was shown 
to be identical with 4'-8'-dIhydroxy-l 2 5 6-dibenzanthra- 
cene (IX) synthesized by Cason & Fieser (1940) The 
structure of the phenolic derivative of 1 2 5 6-dibenz- 
anthracene which has been isolated from rabbit urine is still 
not settled, but it yields a quinone on oxidation which is not 
identical with the 3 7-dihydroxy-l 2 5 6-dibenzanthra- 
qurnone which has been synthesized by Cason & Fieser 
(1941) Jones (1942) used spectrographic methods and could 
detect no hydroxylated derivatives m the tissues He found 
that much more unchanged 1 2 5 6-dibenzanthracene 
than dihydroxy-1 2 5 6-dibenzanthracene appeared to be 
excreted both in the faeces and in the urine 
Both the phenolic derivatives of dibenzanthracene which 
have been isolated have been reported as being non-carcino- 
gemc, the rabbit derivaUve having been tested in mice both 
by Boyland et al (1941) and Dobrmer et a! (1942), and the 
rat derivative (as synthetic 4'-8'-dihydroxy-dibenzanthracene) 
by Dunlap & Warren (1941) These results are m agreement 
with the general rule that introduction of phenolic groups 
into the carcinogenic hydrocarbon molecule results in loss of 
carcinogenic activity It is possible that these dihydroxy- 
1 2 5 6-dibenzanthracenes which have been isolated are 
formed either by natural processes of metabolism or arti- 
ficially during extraction from non-phenohc tetrahydroxy- 
tetrahydro-1 2 5 6- di benzanthracenes Such tetrahydroxy- 
tetrahydro-denvaUves, analogous to the anthracene meta- 
bolism products, are purely hypothetical, but it is possible 
that such compounds formed m the tissues might be carcino- 
genic The testing of this hypothesis must wait until such 
compounds are available 


3 . 4-Benzpyrene 


3 4-Benzpyrene is one of the more rapidly acting carcino- 
genic hydrocarbons, and the mam compound responsible for 
e carcinogenic activity of coal-tar As most benzpyrene 
envatives have intense and typical fluorescence spectra 
eir presence can easily be traced in the excreta and tissues 
0 animals The application of benzpyrene is followed by 
excretion of only small amounts of metabolites in the unne , 
M me other hand, relaUvely large amounts are excreted in 
, ae< * s As only minute amounts of unchanged hydro- 
(Chalmers & Kirby, 1940 , Berenblum & Schoental 
eluTi foanc * m ex creta, it is possible that the animal 
animates the foreign compound mainl y by metabolic 
Processes 


senar-!*!^ f rom the Pooled faeces in suitable solvents can 
fractm fluorescence chromatography into vano 

a vpiirf 3 n most cons P lcu ous fraction forms a zone wi 
blnp ™ ooorescence, but in solution it fluoresces bnlhan 
of crvtMf CfS * Crowfoot (1941) isolated minute amour 
KranVvir- „ , ^ fraction, which, according to crystal] 

That u ysis , a PP eare d to be a benzpyrene-monophen 
BerenM Pben , 0 was 8-benzpyrenol (XTV) was established 
Berenhm a ^. C °' workers (Berenblum & Schoental, 1943; 
madeuS^fS 0 ^^' Hohday & 1943), wl 

to alimony ™ ^ at Unstab te phenols are easily oxidiz 
stable mpth 111 j t * lat 0311 he transformed into me 
qumon«h,c°vl enV ^ tlves ^ structure of benzpyre 
Corel] i^^f Stabhshed by syndesis (Vollmann Beck; 

U & streeck, 1937) Fieser & Hershberg (193 


synthesized 5-benzpyrenol, and Cook & Schoental (in press) 
have prepared 10-benzpyrenol 

Recent work of Berenblum, Schoental, Hohday & Jope 
(1946) has shown that both rats and rabbits excrete 8- and 
10-benzpyrenols, which can be oxidized to 5 8- and 5 10- 
benzpyrenequinones respectively Rats excrete relatively less 
10-benzpyrenol in relahon to the 8- isomer than do rabbits 
The species differences are therefore quantitative rather 
than qualitative, in so far as the metabolic end-products 
are concerned The metabolic production of phenol from 
benzpyrene fits the rule established with the other hydro- 
carbons, as the molecule is not attacked at the 5-positxon 
which is chemically most reactive but at the 8- or 10-positions 
either of which should be available for the “ perhydroxyla- 
tioD ” reaction such as occurs with anthracene 

The Intermediate Stages of Benzpyrene Metabolism 

It can be easdy demonstrated visually that the metabolism 
of benzpyrene occurs by several steps (Peacock, 1936 , 1940 , 
Domach, Mottram & Weigert, 1943 , Weigert, 1943) After 
intravenous injection of benzpyrene into mice the digestive 
tracts appear fluorescent in ultra-violet radiation The 
fluorescence starts at the duodenum, where the brilliantly 
blue fluorescent bile enters and moves down with the contents 
along the small intestine The blue fluorescence of the bile 
which is different from that of benzpyrene itself, was the first 
indication that the hydrocarbon is metabolized during its 
e limina tion from the body Peacock (1936) called the blue 
fluorescent constituent of the bile “BPX” When the 
contents reach the fleocaecal valve, the fluorescence changes 
abruptly to green-blue, with spectral bands which are different 
from those of “BPX" It is this green-blue fluorescent 
constituent of the faeces which was identified as 8-hydroxy- 
3 4-benzpyrene, and “ BPX ”, which is an earlier stage of 
the metabolism, has only a transitory existence in the living 

animal 

The “ BPX ” fluorescence appears m the liver and bile and 
at a number of sites after the application of benzpyrene The 
most important of these other sites are the kidney, where 
the “ BPX ” fluorescence is confined to the cortex, the lung 
skin and subcutaneous tissue, after painting or injection of 
the hydrocarbon Whereas the typical blue fluorescence 
increases and disappears again from the inner organs within 
a few hours it develops much more slowly in the skin and 
in the subcutaneous tissue, and persists sometimes for days 
and weeks 

From extracts of the various blue-fluorescent tissues of 
benzpyrene-treated animals four different metabolites have 
been separated (Weigert & Mottram, 1943 , 1946) Two of 
them are constituents of “ BPX ”, and were accordingly 
termed Xi and X, Two other derivatives, separated from 
extracts of the large intestine and faeces, were termed F, 
and Fj Three mam facts which indicate the chemical 
nature of these derivatives are (a) the absorption spectra 
of Fi and F s are of the same type as that of benzpyrene 
itself, whereas the absorption spectra of Xi and Xj are of a 
different type but similar to each other , (b) X 2 appears 
in vivo as the first product of the metabolism if the con- 
version takes place relaUvely quickly whereas the producuon 
of Xi proceeds much more slowly , (c) Xi can be quickly 
and smoothly transformed in vitro with cold alcoholic acid 
into Fi From (a) it follows according to general spectro- 
scopical rules that the fi\ e-nng aromanc skeleton of benz- 
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pyrene is intact in the F-metabohtes'but not in the X-deriva- 
tives , from (c) that m a mild, purely chemical reaction the 
benzpyrene skeleton, which according to (6) was disrupted 
during the first step of the metabolism, can be restored 
Furthermore, the slow and prolonged production of X, 
indicates that it is preceded by that of Xi The metabolism 
of anthracene is an example of a biochemical disruption 
and a chemical restoration of the aromatic skeleton, and by 
analogy it seems probable that a similar biochemical formation 
of a di-alcohol may occur with benzpyrene 
The absorption spectrum of F a is identical with that of 
8-hydroxybenzpyrene (Berenblum et al , 1943) That of 
F x is almost the same but for the displacement of the ultra- 
violet absorption bands by 7 m y. toward the ultra-violet 
As F x appears to be a precursor of F a , it is very likely that 
Fx is a derivative of 8-benzpyrenol (XIII) Xx may therefore 
correspond to one of the 1 2-dihydroxy-l 2-dihydro- 
anthracenes, and since it is easily transformed in the cold 
into Fx, the constitution of an 8 9-dihydroxy-8 9-dihydro- 
3 4-benzpyrene with a substituent in the 8-position may be 
attributed to it (XI) X a is slowly produced m vivo from Xi 
It appears mainly in the wall of the small intestine and is 
strongly adsorbed by the cells of various tissues It is not 
transformed into Fx-denvative by mild treatment as is Xj, 
but, it yields F* ui vivo without passing through the Fx stage 
These properties indicate that in X, the 9-hydroxy-group is 
linked with another group R a , as in formula XII The 
scheme (formulae X-XIV) shows the probable chemical 
changes in the metabolism of benzpyrene in mice Nothing 
is known as yet about the chemical nature of the groups 
Rx and Rj 

Quantitative Experiments 

The problems of the kinetics of benzpyrene metabolism 
have been attacked by (a) estimation of the rate of disap- 
pearance of a known amount of applied benzpyrene from the 
whole animal or from selected sites (Berenblum & Schoental, 
1942 , Wed-Malherbe, 1944), and (b) the estimation of the 
various metabolites at intervals after the application of the 
hydrocarbon (Weigert & Mottram, 1946) Benzpyrene disap- 
pears from the whole mouse after intrapentoneal or subcuta- 
neous injection according to a monomolecular reaction, l e 
the actual amount of the hydrocarbon still present at any 
moment controls the rate of disappearance The “ half-life ” 
period is about 2 days after intrapentoneal injection in sesame 
oil, but much longer after subcutaneous injection The satura- 
tion of the blood seems to be the limiting factor controlling the 
elimination of the hydrocarbon, as the F-metabohtes appear 
at a constant rate during the first 5 days The excreta contain 
mainly 8-benzpyrenol (F,), with a small amount of Fx during 
the first day The discrepancy between the marked slowmg 
of the rate of disappearance of the hydrocarbon (mono- 
molecular rate) and the constant rate of the excretion of the 
metabolite (zero order), indicates that a mechanism for 
destruction of benzpyrene in the body exists which is as yet 
unknown 

After an intravenous injection of colloidally dispersed 
benzpyrene mto a mouse, about 60% was immediately stored 
in the fiver and the remainder in the kidneys, lung and fatty 
tissues, and then slowly metabolized and excreted After 
the skm of mice was painted with a benzpyrene solution the 
hydrocarbon disappeared almost completely from the painted 
area within one day, if the animals were left under normal 
conditions, but this is due to the material being removed by 


ficking If mice were held so that they were unable to lick 

U dlsa PP eared from the painted area 
very slowly In both cases X, appeared slowly on the «d 
area and, after reaching a maximum, faded away^, 
shows clearly that the production of the X-metabohte n 
due to a local action in the treated tissue. The same proce* 
occurs in the kidney and lung and even m the blood. Although 
the greater part of the benzpyrene metabolites pass out 
through the small intestine, they do not appear to be absorbed 
into the blood, but may be fixed in the tissues of the gut 
as Xi If mice are killed immediately after intravenous 
injection of benzpyrene and bled, the amount of X-meta 
bolites contmues to increase m the liver, kidney, lung and 
in the shed blood The metabolism of benzpyrene also 
proceeds in the skm after death The detached skins from mice 
were painted with benzpyrene and incubated in Ringer 
solution at 37° C for one day, when X, appeared in the 
solution (Weigert, Calcutt & Powell, 1946) The yield of X, 
was almost independent of the amount of benzpyrene painted 
on the same area of the skm, and could reach as much as 
20% of the hydrocarbon applied 
After subcutaneous injection of benzpyrene m sesame oil, 
the hydrocarbon disappeared relatively quickly and some 
Xj appeared at the site of injection, but much more Xi 
appeared when the hydrocarbon was dissolved in a fraction 
of mouse fat which, according to Dickens & Wed-Malherbe 
(1942), inhibits the production of subcutaneous tumours 
This means a decrease in the tumour incidence with slow 
elimination of carcinogen and increase in the formation 
of X a The Xj remains m the tissue for many weeks 
Similarly, treatment with crotoD oil, which sensitizes the 
skm to carcinogens (Mottram, 1944), increases the rate of 
elimination of benzpyrene and reduces the amount of Xi 
fixed m the tissue 

These experiments are consistent with the suggested scheme 
of the metabolism of benzpyrene, and indicate that the 
direct quick route from the hydrocarbon via Xx and Fx to 
the end-product of the metabolism is favourable for carcino- 
genesis, whereas the fixation of the benzpyrene as Xi in the 
tissue acts as a land of detoxication. In any case, these 
experiments suggest that it is not the hydrocarbon itsc 
which is the proximate carcinogenic agent, but one of o 
metabolites, either Xx or Fx, or the energy released during 
the transformation from X x to Fj 

Metabolism of Nitrogenous Carcinogens] 

When rats are injected with the carcinogenic 2-acetyl- 

ammofluorene they excrete 2-acetylammo-7-hydroxyfluorene, 

which was isolated and characterized (XV), 111 ® 

(Bielschowsky, 1945) The metabolism of Ae carcmoge 
azo-compounds probably occurs through ® 
derivatives, as shown to be the case with azo R . ^ 
(Elson & Warren, 1944) Stevenson, Dobnner & 

(1942) isolated p-aminophenol, p-phenylenedianme,^^ 

aminophenol and diacetyl-p-phenylenediamine from 

urine of rats dosed with dimethylammoimibenzeneJB^ 
Yellow ”) One of these metabolic products, p P 
diamine, and a hypothetical wten ?f , ^ enzyme 

N N-dimethyl-p-phenylenediamine, ^ bd ^L ua j eQZ yae 
tnose-phosphate-dehydrogenase, whic y j.^ p henytase 

in carbohydrate metabolism. N N n nu~ircmos^°‘ c 

■tanme. however, was later shown to „ 

(Sugiura, Halter, Kensler & Rhoads, 1945), so u* 
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mprobable that the carcinogenic action of tho parent azo- 
:om>ounds is due to the enzymic inhibitory action of tho 
netabolism products 

The metabolism of /3-naphthylamine is of interest from the 
wmt of view of the hypothesis put forward by the present 
mthois, as this compound appears to induce cancer of the 
iladder in dogs (Bonser, 1943) and in men, but not readily 
n other species Now Wiley (1938) has shown that dogs 
onvert 0-naphthylamine to the sulphate of 2-amino-l- 
uphthol (XVI) On the other hand, Dobnner, Hofmann &. 
ihoads (1941) were able to isolate 2-acetylamino-6-hydroxy- 
laphthalene (XVII) from the urine of rats, rabbits and 
nonkeys The metabolism therefore appears to be different 
n dogs, which are susceptible to this carcinogen, from that 
n species which are not liable to bladder cancer when treated 
nth j3-naphthylamine 


Discussion 

The usual metabolism of hydrocarbons in animals in\ olves 
i hydroxy la tion process in which a phenol is produced. The 
ihenolic hydroxyl group is usually introduced into the 
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CARCINOGENIC SUBSTANCES IN 
HUMAN TISSUES 

IZRAEL HIEGER, Ph D 

Chester Beatty Research Institute, Royal Cancer Hospital (Free), London 


According to one chemical theory of cancer, some tissue of 
the body produces a carcinogenic agent by an aberration of 
those processes which synthesize the steroids, e g the steroid 
group of hormones, and cholesterol and its related com- 
pounds Such an explanation seemed simpler 15 years ago 
than it does to-day, partly because, smce that time, the 
number of known carcinogenic compounds has increased 
from 2 to about 300 

But if the relation of the hypothetical endogenic carcinogen 
to the steroids has become somewhat less obvious, on the 
other hand, the existence of such a large number of laboratory 
carcinogens suggests that the investigator has a wider field 
of possibilities m the search for carcinogenic substances in 
human or animal tissues 

The problem is being attacked from two directions, 
namely, the study of the carcinogenicity of steroid hormones, 1 
and secondly, the investigation of the nature of carcinogenic 
substances extracted from the tissues of subjects dead of 
cancer Failure to isolate such compounds would not be 
fatal to the chemical theory, smce the view could then be 
advanced that the carcinogenic agent represents only a 
transitory stage in a chain reaction, that it might be present 
at any one time in amount too small to be detected by any 
means other than its tumour-making power, and that, having 
stimulated normal cells to neoplasia, it may be rapidly con- 
verted to a non-carcmogemc excretion-product But of 
course it would be preferable to have positive proof of the 
agent by demonstrating its presence m the tissues of cancerous 
subjects and its absence in non-cancerous subjects 3 
Some of the problems presented by the carcinogenic sub- 
stances which have been extracted from human tissues will 
be solved only when these compounds have been chemically 
identified and assayed At the present tune, very difficult 
quesuons have been raised by the fact that the substances 
have been found in the tissues from some subjects dead of 
cancer but not in others, and further, in the tissues of some 
subjects dead of diseases other than cancer and again not 
in others. 

The admirable work of Sterner (1942, 1943 , Sterner, 
Steele & Koch, 1943) shows that about 20% of the livers of 
human subjects (death due to cancer or some other cause) 
con tain carcinogenic substances This result disposes of any 
simple or direct relation between the presence of the sub- 
stances and the incidence of cancer m the subject Of 
particular value is Steiner’s examination of each tissue 
extract separately, using a separate batch of experimental 


animals 

' , rJITmrtjclo ill this number by Buitows & Horning {BMB 971) —Ed] 

» reader U referred to the author’s article in Cancer Research, 1946, 6, 657 
for a somewhat fuller treatment. 


Thirty-seven livers from cancerous patients yielded 8 W'A 

pahmts save active extracts tins is to say that m a samp” 

of 67 human livers, one in five contains detectable 
carcinogens. D1C 

It would not be very satisfactory to “explain” on a 
fortunate chance encounter of “ 1 m 5 ” why Shabad 
(Klemenberg. Neufach & Shabad, 1940 , 1941). who was 
the first to open this line of investigation, found a benzol 
extract of a non-cancer hver to be inactive while the benzene 
extract of a cancef hver was active, nor to explain why 
Sanme, Truhaut & Guerin (1941) found the combined 
unsapomfiable fraction of 2 cancer livers to be active but the 
unsap omfiable fraction of 2 non-cancer livers inactive, but it 
might explain results obtained in this laboratory (Hieger, 
1940), where the unsapomfiable fraction of some liven of 
cancer subjects was highly active*, while similar preparations 
from other cancer livers were inactive. The essential featurei 
of the experiments of these workers and of Menke (1942) 
have been collected in Tables I-V. 

Extracts of the livers of cancerous and of non-canceroui 
Bantu natives have been found to be carcinogenic by 
Des Lignens (1940) m Johannesburg. He obtained 25 
tumours, 7 of them malignant, in some hundreds of mice, 
by painting the skin with a solution of the unsapomfiable 
fraction of the livers The unsapomfiable fraction of liven 
of cancerous or non-cancerous Europeans did not produce 
skin tumours m mice. 

Menke’s results in his third experiment are difficult to 
explain except on the assumption that the extractable fat 
from the breast diluted the extract from the tumour, or that 
the still normal part of the breast contained factors inhibitory 
to carcinogenic action. Alternatively, recourse must be made 
to the random-distribution observations of Steiner 


Remote Tumours 

A number of workers have given attention to the tumours 
arising at sites other than at the place of injection , here 
again, Steiner’s results, in opposition to those of Klemenberg 
et al (1940, 1941) and of Sanme et al (1941), show little 
difference in tumour production between preparations from 
the hvers of cancerous and those from non-cancerous 
subjects, and also surprisingly little difference between 
preparations which were active in producing local sarcoma 
and those which were inactive 


TABLE I INDUCTION, OF TUMOURS IN MICE BY 
INJECTION ofc TISSUE-EXTRACTS 
(Kleinenberg, Neufach & Shabad, 1940, 194*7 


ontrol 

nsapomflabla fraction of 9 
cancer livers 

tmol extract of lung (unsaponi- 
flable 0 from 19 cancer cues 
into! extract of lung from 20 
non-cancer cues 



Number of mice 

[ Initial 

| Survived 
after 8 
month 

rs l 

1 179 

103 

livers* 

91 

54 


1 634 

389 

fx* 

27 

13 

TRv 

23 

16 

/Rv 

67 

46 

1 X 

23 

15 

/Rv 

44 

26 | 


73 

32 


Tumours ** 


Injection 

site 


4 

0 

0 

I 

0 

0 

0 

0 


Othee 

a 

n 

o 

3 

5 
2 > 

3 

6 

4 


1 The cause of death was cancer (The liver wa, not ne-es-aril/ m 

* The cause of death was not cancer 

* x and Rv represent two different strains of mice 


voUti) 


* In one experiment out of 11 mica which survived II monlhi, 
'comas at the site of injection 


g dnei-f-4 
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TABLE II INDUCTION OF TUMOURS IN MICE BY 
INJECTION OF TISSUE-EXTRACTS 
(Steiner, I M2, 1943, Steiner, Steele & Koch, 1943) 


TA&LE V INDUCTION OF TUMOURS IN MICE BY 
INJECTION OF TISS U E-EXTRACTS (Menke, 1942) 


Exp-I 

No 

1 

2 
3 


Unsaponifuble fraction of 3 
cancer livers pooled 

Number cf 
cases cf 
sarcoma at 
injection- 
site 

12 

Unsaponifuble fraction of 7 
noivcancer livers pooled 
Unsapomfiable fraction of 37 
cancer livers, tested separately 
(3 vsere found active) 

5 


Unsapomfiable fraction of 30 
non-can-er livers, tested sepa 
rately (6 were found active) 

10 

Soyens extract cf a cancer 
iner 

0 1 


fA ether soluble 

fraction 

“11 JB ether insoluble 
( ? ncer fraction 

livers C unsapomfiable 
, , fraction of A 

Unsapomfiable fraction of 4 
human cancers 

Unsapomfiable fraction of 10 
human cancers, (arse part of 
cholesterol removed by crys- 
I filiation 
Sesvne-oil control 


Huted sesame oil (350°) 
rat from overfired meat 
p ^Pjn'fuble fraction 
I. cr.erfried meat 
nJS!®- extract ^ overfried 
l (excess fat removed by 
J«°ne-ertraction residue 
l^tra-tedwith benzene) 

S lfUb!ft fnictjon frorr 

Ul J^f° nifu 5 , e fraction of cancer 
11x1 non-cancer liven 
into rats 


from 


No t 


Number 
of mica 
Injected 


56 

63 

456 

■440 

32 

15 

67 

17 

45 


35 

18 


31 

20 


10 


20 

8 


Numerator — tumours 
of Jung lymphatic 
tissue mamma, uterus, 
ovary or liver In 
survivors 
Denominator — 
survivors at 
6 months 


14/30 

17/54 

274 

(survivor, at 1 2 months) 


277 

(survivors at !2months) 
16/26 
10/14 
41/66 
12/17 
32/42 


7/35 

Survivors after 
12 months 

9 

19 

8 


18 

7 


BLE L,l'i2. UCTION OF TUMOURS IN MICE BY 
INJECTION OF TISSUE-EXTRACTS 
(Sannl£, Truhaut & Gudrin, 1941) 


Number of mice 


Tumours at 


oSsy^° n ° f 


Initial 

Survived 
after 12 
months 

Injection-site 

Haemor 

rhagic 

Sarcoma cyst 

Other 

sites 

25 

i 

1 20 

1 6 

12 

6 

25 

20 

! o 

5 

3 

25 

! '5 

i 0 

0 

1 


table IV 


INJECTION 1 ^ OF TUMOURS IN MICE BY 
^fJ-TION OF TISSUE EXTRACTS (Hleger, 1940) 


fjfc 

No. 

1 

2 

3 


Number of mice 


Initial 

23 

30 

37 (baby 
mice; 
17 (adult 
mice) 

60 
27 
40 
303 


Survived 
after 12 
months 
17 
19 
14 


E pcn! to- fe ? 00 ^Aoncer livers 

'‘extract of 2 cancer!, vers 

C L 4 ^hcef livers 

‘PcmfiablefrJSoJrS^ 3 cmcer ,tvcrs 

o e. n ° n <ancer l,vers 

efthe Souih^ l 80 *, indebted to Dr Des Ltgm 
^ Institute for Medial Research. 


15 

18 

19 

142 




0 

b 

c 

d 

a 



Soxhlet 

Unsapom 

Dig! 

N^n dig 

Non- 



extraction 

liable 

tomdc 

tonide 

carbonyl 

Exp 


4 

fraction 

fraction 

fraction 

fra tion 

No 


solvents 

of a 






(Numerator — 

number of sarcomas produced 


Breast cancer tumour 


c -nominator — number of mice) 

1 

7/36 





alone 3 extracts from 

3 tumours 

2 

Cancerous breast after 
removal of tumour 

2 extracts from 2 
breasts 

0/18 

0/6 1 

0j6‘ 



0/33 

3 

Breast cance- whole 
le breast -t- tumour 

2 cases 

0/18 

0/IB* 




0/22 

— 



4 

Non-cancer breast 





4 cases 

0/54 

0/35 






5 

Rectal cancer 

0/15 

0/6 

_ 



_ 

6 

Osteogenic sarcoma 






(femjr) 

1/12 

— 

— 

— 

— 


1 Made from the extra- of a separate breast, not the one used for a and b 


Effect of Saponification 

Klemenberg et al (1940, 1941 , Table I) and also Menke 
(1942 , Table V) both found that a simple extraction of tissue 
with fat-solvents gives an active preparation, while saponifica- 
tion which removes, at any rate in the case of liver, 9/10ths of 
the total extractable “ fat ” fails to give a product of increased 
potency Thus no hint is given whether the agent belongs to 
the fatty glycerides and phospholipins or to the steroids 
Sterner (Table II), on the other hand found that, m one 
senes of experiments, 15 livers pooled in two groups of 
7 and 8 gave strongly carcinogenic unsapomfiable fractions, 
but that the benzene extracts of 11 pooled cancer livers were 
inactive It would be very cunous if the first two groups 
(7 and 8 livers) happened to contain one or more of the active 
livers which occur once in 5 times, whde the third group of 
11 livers did not contain a single one of these active livers 
Alternative explanations would be that saponification concen- 
trated the agent by removing inactive fats, or that the active 
agent was an artifact 

Steiner's preparations were obtained by somewhat drastic 
means, namely saponification at the boiling point with 
potash for 18 hours Such treatment might conceivably form 
a carcinogen from a precursor or might destroy a carcinogen 
already present but since all of his 67 livers were treated in 
the same way, the evidence is in favour of a very stable 
carcinogen, present infrequently (namely, 1 in 5) It may be 
possible m the future to apply less drastic methods to the 
analysis of tissue fats, such as chromatography or the centn- 
fugual molecular still 

In experiments earned out here 2 sarcomas were produced 
m 37 mice injected from the second day after birth with an 
ether extract of cancer liver (The same extract injected into 
17 mice 7 weeks old produced no tumours ) Menke (1942) 
and Sterner earned out the obvious test of using the same 
preparation for making (a) the simple extract and (6) the 
unsapomfiable fraction In Menke’s experiments and m 
one of Steiner’s neither (a) nor (b) were active, but m 
Steiner’s overfned meat experiment (No 14) (Table II) the 
unsapomfiable fraction was inactive but the simple benzene 
extract produced one sarcoma Thus, while Sterner (Table H) 
and Hieger (Table IV) show that saponification nearly 
always gives products of higher potency than does simple 
extraction one critical test (based on a single positive result) 
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suggests the reverse Menke tries to compromise by proposing 
that there are two agents, one in the saponifiable part and 
one in the unsapomfiable 


Fractionation of Unsaponifiable Material from Tissues 

The chemistry of the carcinogenic factor was investigated 
in our Institute by fractionating the unsaponifiable matter 
from human liver by a much simplified form of the technique 
used in preparing vitamm-A concentrates from liver The 
steps are indicated in the flow-sheet 


FLOW-SHEET 


Crude unsaponifiable matter (A) (usually buttery, 
semi-crystalline, orange, pleasant oily-aromatic 
smell, yield 5-10 g per liver) resaponified with 
alcoholic potash, refluxed in stream of N, for 
45 minutes 

unsaponifiable, 2nd stage (B) extracted with 
boiling methyl alcohol 


MeOH-insoluble 
dark red-brown 
oily resin 

(C) 

MeOH extract 
cooled to — 10° 
and filtered 

— 10° crystals 
mainly cholesterol, 
about 85%) 

(D) 

— 10’ {titrate 
cooled to —60° 
and filtered 

1 

1 

— 60° precipitate 
(cholesterol, poorer 
quality than D) 

(E) 

—60° llltrate 
adjusted to 90% 
MeOH by the 
addition of water 
then extracted with 
petroleum ether 

petroleum ether ex- 
tract (= hydrocarbons) 

petroleum ether- 
insoluble 

(=OH compounds, 


Soon after this work had been begun, Kleinenberg, Neufach 
& Shabad (1941) reported the production of a tumour in a 
mouse with an extract, not of liver, but of the lung of a subject 
dead of cancer In the experiments earned out here it was 
decided that, in order to obtain enough matenal for preparing 
the unsapomfiable fraction, a mixture of the larger organs 
and tissues other than liver might be used Lungs, kidneys 
and skeletal muscle were removed post mortem and treated 
together in the same way as liver 
Little attention was given to the particular type of cancer 
involved The immediate aim was to find the physico- 
chemical nature of the active substance, although the possi- 
bility remained that different tissues might contain different 
carcinogens Non-cancer tissues were from elderly or 
middle-aged subjects dead of any cause other than cancer 
The livers or other tissues were placed in the cold room as 
soon as possible after removal from the body They were 
usually saponified on the next day, but sometimes 2 or 3 days 
elapsed between death and the processing of the tissues, by 
which time they were usually frozen solid The survival rate 
of the active substance in dead tissue is unknown, but a 
compound which will withstand boiling alcoholic caustic 


Asjk w u iavjv vciy UK 

tissue enzymes near freezing point 


- ‘“‘Vi; tVS ISV 


— — .uja/JW U/ 


Controls 


' r — — vrmwAi auiuc nunareas of 
mice were injected with the solvent (lard) alone, no tumour 
have been obtained (Table IV). These control mice Zl 
treated otherwise by exactly the same technique as those m 
which the tissue fractions were tested 


2. Tests are m progress to see whether carcinogens are 
produced as artifacts during saponification, since two workers 
(Sterner and Hieger) found that activity was increased by this 
process, or, more exactly, the unsaponifiable fraction of 
livers has proved much more carcinogenic than crude fatty 
extracts Alcohol, and especially industrial spirit, contain 
traces of acetaldehyde, which is resmified by alkali, and this 
resin, being soluble in ether, would be found m the unsapom 
fiable fraction In three experiments, distilled spirit, distilled 
alcohol, and alcohol to which acetaldehyde had been pur 
posely added, were refluxed with potash for 3 hours in 
quantities adjusted to imitate the conditions of liver saponifi 
cation The testing of these resin-products m mice has now 
been m progress for 20 months 

3 Cholesterol undergoes oxidation in alkaline solution 
10 g of cholesterol (l e about twice as much as is contained 
m a human liver) were refluxed with potash and (a) alcohol, 
(6) spirit, in a control experiment, no liver tissue being 
present. The testing of the products in mice has now been 
in progress for 14 months 

4 The active fraction (D, see flow-sheet) consists largely 
of cholesterol Commercial cholesterol, suspended in lard 
in 25% concentration, was therefore injected into mice 
132 of 5 different strains of mice have been treated, and 
although many died early m the experiment, a single Q, mouse 
developed a typical spmdle-celled sarcoma at the site of 
injection m 11 months This tumour has now reached its 
16th generation and grows with unusual speed for, if allowed 
it will reach the size of the mouse in a month 


Technique 

No polycyclic hydrocarbons were allowed in the laboratory 
As has been pointed out earlier, some aerial contamination 
by soot or other carcinogenic substances was practically 
unavoidable owing to the position of the Institute and the 
laboratory Where practicable, apparatus and materia 
were protected from atmospheric dust by the plentiful use 
of clean paper covers during the experiments Solvents were 
distilled over eosm, which could be detected in the chst a 
by ultra-violet fluorescence if traces were sprayed over 
Solid reagents were not to be so easily purified , they wer 
used at analytical-reagent quality and washed with 
ether when required Nevertheless, all such precau io 
were obviously far from perfect 


Injection 

As far as possible the fractions were injected dissolved 1 in 
d at 15% concentration, except where htUeof ® 
s available and economy had to be exercised J 
re made subcutaneously in the flank, either oiI 

cm 3 fortnightly, the object being to miuntain a eierv 
material which could be felt through the sbnasaso 
into In some cases, after 5 or 6 ejections noj^th^ 
iction was needed for a year or more , in other ca-es. 
;rvoir had to be replenished more frequently 
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Sarcoma Production 

Unless otherwise stated, the mice used in all the work 
summarized in Tables IV and VI, and for testing the fractions 
shown in the flow-sheet, were mixed commercial stock of 
unknown heredity obtained from the same source (Parallel 
tests on mice of the C,» strain are in progress and will be 
reported on later) ____ 

TABLE VI* SARCOMA PRODUCTION WITH CRYSTAL- 
LINE, CHOLESTEROL-RICH FRACTION D (see flow- 
sheet) 


Tissue 

J Number of mice 

Tumours 

Non canc_r (lung-kidney-musde) 

} • 

! Initial 
25 

Survived j 
after 12 j 
months 

1 h 

Number 
| 2 

Latent period 
(months) 

15 24 

Cancer (lung kidney muscle) 

25 

, 10 1 

3 

i 14 IS 20 

Cancer (liver) 

10 

, 9 

2 

| 16 19 

Non cancer (liver) 

20 

! 8 : 

: o 

I — 

— - — 

— 


— 



The control senes receiving lard only have so far given 
negative results, but some of the tests are still in progress 
The results obtained with fraction D of unsaponifiable 
matenal obtained from vanous cases are given in Table VT 
The tumours were spindle-celled sarcomas at the site of 
injection The negative result with fraction D of non cancer 
liver is noteworthy and this test will be repeated. With one 
exception the tumours (1 e 7 out of 8 in 231 mice) occurred 
in the senes injected with fraction D (see flow-sheet) irrespec- 
tive of its ongm i e whether the tissue was liver or lung- 
kidnej -muscle or whether the tissue was from cancerous or 
non-cancerous subjects Moreover, the activity of the 
fraction D obtained from 3 different sources was of the same 
order but the precise significance of this similanty is 
unknown for the conditions of the test may be such that 
large relative differences m agent do not effect proportionate 
differences in potency The eighth tumour was produced by 
fraction B from non-cancer lung-kidney-muscle mixture 
(see flow-sheet) 

Cholesterol estimations on fraction D from different 
sources by digitonm precipitation, give figures ranging from 
74% to 92% cholesterol which are probably rather high, 
since the digitonm method does not distinguish between 
cholesterol and other 3(£)-hydroxysteroids Dr Shoppes 
(private communication) working with a large sample 
(30 g ) of fraction D finds a cholesterol content of 85 % based 
on the isolation of chromatographically pure cholesterol 


acetate mp 115°, (, t ) “ = —43 6° ± 1° 

This fraction (D) will be considered then to have a choles- 
terol content of about 85 % , it contained no saponifiable 
material and was a somewhat waxy crystalline powder, of the 
colour of pale straw or orange and obviously not homo- 
geneous, for the coloured part seemed to be unevenly adsorbed 
on the white part It remains to be determined whether the 
active substance is present in small amount adsorbed on to 
the cholesterol during crystallization, or whether, along with 
the cholesterol are crystallized appreciable amounts of allied 
sterols or sterol denvauves among which is the factor whose 
identity is required Possibly the cholesterol itself which 
makes up the larger part of this fraction is by no means 
inert in sarcoma production, and the tumour may be the end 
result of the combmed activity of more than one compound 
Thus the carcinogenic activity of benzpyrene is increased 
when cholesterol is added according to the results of experi- 
ments by Dickens & Weil-Malherbe (1945), m which solutions 
of the hydrocarbon with and without cholesterol were painted 
on mice The chemical constitution of the compounds 
associated with cholesterol contained in fraction D is being 
investigated by Dr Shoppee m this Institute, who will 
publish his results shortly 

Sub-fractions of this fraction are undergoing tests in mice. 


Summary 

1 Previous work is reviewed and attention is drawn to the 
mam difficulues m this field of investigation 
a The low potency of human tissue carcinogens as 
indicated by a prolonged latent period , 
b the sporadic occurrence of these substances (Sterner) , 
c the uncertainties with regard to ‘ susceptibility ” of the 
experimental mice 

2. A technique of fractionation of unsaponifiable material 
from tissues is described. 

3 A sarcoma-producing fraction has been obtained from 
mixed lung-kidney-muscle of cancerous and non-cancerous 
human subjects, and from the liver of cancerous subjects 

4 The carcinogenic substances from these 3 sources are 
found in the cholesterol-nch fraction of the unsaponifiable 
matenal This fraction is a crystalline mixture of compounds 
containing on the average about 85 % cholesterol 
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There is now sufficient evidence to justify the title of this 
article, but to present it fairly is no easy task as there has 
been much speculative writing on the subject There has 
been a number of isolated or unsupported reports of tumours, 
but, on the other hand, evidence of importance is sometimes 
to be found only in papers devoted mainly to other con- 
siderations, as its significance was not apparent at the time 
of writing It may be, therefore, that some important data 
have been overlooked in presenting the evidence, but an 
attempt will be made to correlate data from various sources 
and to present the development of this line of research as 
seen by the writer Several critical reviews have appeared 
covering various aspects of this subject, and reference will be 
made to them 

The fact that carcinogenic properties can be conferred on 
naturaUy-occurring organic substances by destructive distilla- 
tion at high temperatures was first recorded by Kennaway 
(1924), who prepared carcinogenic tars from yeast and from 
human skin at temperatures between 700° and 920° C 
Kennaway & Sampson (1928) prepared a carcinogenic tar 
from cholesterol heated under the same conditions. Although 
of great scientific interest and of possible importance as an 
industrial risk, such procedures were far removed from 
metabolic processes Kennaway (1930) therefore sought to 
devise less drastic chemical methods of preparing carcinogens 
at body temperature, but without success, for though he 
obtained from the reaction of AICI 3 with tetralm, at 37°C , 
a mixture of substances with a high boiling-point which 
yielded carcinogenic distillate at a temperature of 270° C , 
the undistilled material was not carcinogenic 

Following the discovery by Kennaway and his associates 
of the carcinogenic potency of pure 1 2 5 6-dibenz- 
anthracene — the first substance of its kind to be recorded — 
extensive animal tests were carried out by the London Cancer 
Hospital group (Cook, Hieger, Kennaway & Mayneord, 
1932), both by painting on the skm and by subcutaneous 
injection As dibenzanthracene, like other hydrocarbons, is 
insoluble in water, they employed lard or olive oil as con- 
venient vehicles for subcutaneous injection of dibenzanthra- 
cene in rats and mice In order to extend this investigation. 
Burrows (1933), m the same department, injected two fowls 
with a similar preparation of di benzanthracene dissolved in 
heated lard, and one of these birds developed a spindle-cell 
sarcoma at the site of injection 

At about the same tune, the writer (Peacock, 1933) 
independently carried out a similar experiment on 30 fowls, 
but injected dibenzanthracene dissolved in heated lard in the 


nght pectoral muscles and heated lard only m the left sale 
Both portions of lard were simultaneously heated on the 

of^chh?*® C f ° r 30 mmutes ' durm 8 *0 solution 
dfpr d ^ enzantlln * cenQ crystals, and both were cooled to 
40 C before injection. Seven buds developed sarcomata 
on the right side (dibenzanthracene) and 3 on both sides 
As each injection was checked by two assistants, and as other 
precautions were adopted to avoid any possibility of confusion 
in the injections, this result seemed to indicate either that 
lard heated to 140° C for 30 minutes was carcinogenic, or 
that it in some way determined a remote carcinogenic action 
of dibenzanthracene To elucidate this unexpected result, 
the writer initiated research which is still in progress, and has 
yielded evidence of carcinogenicity in fats and in cholesterol 
after heating to 270° C or more (Beck, 1941 , Beck, Kirby & 
Peacock, 1945). But no further evidence of carcinogenic 
action of lard heated at 140° C has been found Lard is 
unfortunately not a constant mixture, and qualitative differ- 
ences between samples probably account for some of the 
variable results reported by different investigators 
Burrows, Hieger & Kennaway (1936) published the results 
of extensive experiments with lard, olive oil, and other fatty 
materials in rats and mice, some of which they had men- 
tioned m an earlier publication (1932) when the results were 
negative No tumours were induced m mice by any of the 
fats and lipoids tested, but 12 out of 217 rats developed 
spindle-cell tumours at the site of injection, though the 
authors were cautious m classifying them as malignant 
tumours Five of these tumours occurred at the site of 
control lard injection, and 2 at the site of lard containing 5% 
oleic acid or theelrn respectively These authors also tested 
lard previously heated to 340-360° C in a stream of nitrogen, 
and then extracted with petroleum ether and aqueous sodium 
carbonate The petroleum ether was removed by distilla- 
tion in COi and the alkaline extract was acidified and the 
precipitate so formed was washed with water, dried, and 
mixed with lard in the proportions of 1 3, Both these 
fractions were injected into rats and mice No mouse 
tumours were observed, but 1 of the 6 rats surviving one year 
after injection with the petroleum-ether-soluble fraction 
developed a large tumour which was autografted and grafted 
into an unspecified number of animals, but without success 
The rat died soon afterwards without metastases, “ but the 
tumour showed spmdle-celled areas, but was mostly ot a 
more fibromatous character than are the great majonty o 
tumours produced in connective tissues by carcinogenic 
hydrocarbons , h 

The alkali-soluble fraction also yielded one tumour wn 
was more “ cellular ” but which could not be propagat y 
grafting In the foregoing experiments, elaborate precaji io 
were taken against possible contamination of appara us 
animals by traces of chemical carcinogens , the wisao 
such precautions became more evident in the light o su i 
quent experience Although the London Cancer °SP 
group hesitated to describe these tumours as sarcoma 
absence of metastases or successful grafting expen > 
their illustrations show Iocally-invasive tumours ’ 
judged in the light of later work, merit, in the writer s opm . 

a classification of sarcoma ^ 

These results are given in some detail, as they seem 
the first records of neoplastic growth induced y 
occurring fats heated within the range of ^ 

can occur in domestic cooking This aspect was n 
by the authors 
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Thus ten years ago there was a prtma facie case against 
heated lard as a potential carcinogen (using this term to 
cover the induction of all lands of malignant tumours) 1 
About this time the obvious implications of the available 
facts about carcinogenic hydrocarbons and heated lard led 
the writer (and no doubt other investigators) to study 
methods of cooking in heated fats and oils The high 
incidence of gastric cancer m human beings as contrasted 
with the very low incidence in all other species as far as is 
known, points clearly to some essentially human habit or 
attribute as of aetiological importance The variations in 
incidence of gastric cancer in different human communities, 
however point rather to habits than to inborn human 
qualities as being mainly responsible For example the 
incidence of gastnc cancer is about twice as high in Holland, 
Sweden and Denmark, as m Britain, while within Britain 
the incidence varies as greatly in different economic groups, 
being highest m the poorest classes (For critical discussion, 
see Cramer, 1936 , Peacock, 1943 ) 

Roffo has written extensively on the subject of heated fats 
and cholesterol as carcinogens, and claims to have induced 
cancer of the squamous-lined forestomach or rumen of rats, 
which has no human counterpart, and in the glandular 
stomach by feeding them with several heated fats and heated 
cholesterol While some of Ro ffo’s results (1938) are in 
accord with those of other investigators, his evidence in 
regard to the induction of gastnc adenocarcinoma seems to 
be inadequate Moreover his spectrographic evidence for 
the formation of benzpyrene in heated fats and cholesterol 
has been adversely criticized by Cook & Kennaway (1940) 
and is contrary to the experience of the wnter and his 
colleagues (Roffo’s work was also criticized m a review by 
Klem & Palmer, 1941 ) 


Minimal Effective Concentrations of Carcinogens 

At this point it is desirable to consider some technical 
difficulties of investigating minimal effective quantities of 
carcinogens Shear (1936) has recorded the induction of a 
sarcoma in a mouse at the site of implantation of a cholesterol 
pellet containing 0 4 gamma of 1 2 5 6-dibe nzanthr acene 
This seems to be the smallest recorded effective dose of a 
known carcinogen, and as judged by gravimetric standards 
it is mdeed smalL Yet it represents approximately one 
thousand million million molecules of dibe nzanthr acene 
By spectrographic methods a solution containing one part 
ui ten million of benzpyrene in acetone can be distin guished 
fiom the solvent alone, yet for practical purposes one cannot 
easily work with less than 0 1 ml of such a solution, which 
would contain about 0 01 gamma, or roughly 20 milli on 
million molecules, of benzpyrene Below this level it is not 
Possible to detect the presence of benzpyrene with certainty 
oy current methods of analysis and even if our methods 
ould become a million times more sensitive it would still 
f !^'? ossl ^l e to identify quantities of a million molecules 
o benzpyrene m an extract As the theoretical limit for 
carcinogenesis would be the action of one molecule of 

identnvf 211 0a 0110 ^ l£ must be recognized that failure to 
acntlyany known carcinogen, in a substance that has been 
wti by animal tests to be carcinogenic does not exclude 
0 Possibility that this action mav be due to the presence of 
me millions of molecules of a carcinogenic hjdrocarbon. 

is Ka^( was the Greek word for 
cancer) ai a time when histological cUsxifwauon was impossible 


It is urgently necessary therefore, to investigate the 
lowest effective dilution of pure chemical carcinogen and 
until this has been earned further we cannot afford to be 
dogmatic about the nature of the carcinogenic action of 
heated fats 

In judging the results of injection of heated fats and 
lipoids, the foregoing facts must be borne in mind, and it 
must be realized that to talk of “ weak carcinogens ” by 
companson with such substances as benzpyrene and methyl- 
cholanthrene may give a false impression, as these pure 
substances m detectable amounts must rarely constitute a 
risk outside laboratories and certain industrial plants 

Table I summarizes the results of tests conducted in this 
laboratory It will be noted that there is no positive evidence 
of carcinogenic properties m fats or cholesterol heated at 
less than 270°to 300° C This is in keepmg with Kennaway’s 
early observations on the carcinogenicity of various fractions 
of synthetic tars He set the limit of 270° C , “ which tem- 
perature appeared to indicate very roughly the boundary 
between the lower-boilmg, non-carcmogemc and higher- 
boilrng fractions ” In the same paper (1930) he describes 
carcinogenic fractions of synthetic tars prepared from 
tetrahn after distillation between 205°-260° C , but not with 
lower-boilmg fractions 

A number of other investigators have reported similar 
results to those obtained here Reference to these may be 
found in the comprehensive reviews of Cook & Kennaway 
(1938, 1940) and of Cook, Haslewood Hewett Hieger, 
Kennaway & Mayneord (1937) 

Feeding-experiments have given less satisfactory results. 
We described (Beck & Peacock, 1941) a condition of gastro- 
papillomatosis m rats fed on an apparently adequate diet to 
which heated lard had been added. The fat was either 
heated at 220° C for 12 hours or at 350° C for 4 hour under 
conditions similar to those m domestic cooking. This result 
was complicated by the fact that the diet induced avita- 
minosis-A by interfering with the storage of the vitamin in 
the liver As similar lesions of the stomach can be caused 
by a wide variety of dietary deficiencies this type of result 
cannot be regarded as satisfactory evidence of carcino- 
genicity Large-scale tests of heated lard were earned out 
by Moms, Larsen & Lippmcott (1943) who failed to obtain 
gastnc tumours m rats receiving as much as 50% of lard 
heated at 300° C for 2 hours or at 350° C for V hour, though 
they induced chrome gastnc ulcers and fatty degeneration 
and cirrhosis of the liver 

The failure of such experiments does not preclude the 
possibility that heated fats may have some relation to the 
aetiology of gastnc cancer, and it seems possible in the light 
of present-day knowledge that the presence of even undetect- 
able amounts of carcinogens in the diet over a long penod 
of years might induce tumours under the influence of other 
substances as co-carcinogens The way in which croton oil 
or resin can develop the action of sub-effective amounts of 
carcinogenic hydrocarbons was well illustrated by Mottrara 
(1944), shortly before his death Although croton oil is 
rarely used therapeutically and is never an article of diet 
there may well be other, unsuspected, co-carcinogens m 
common use which could develop the action of sub-effective 
doses of carcinogens 

Light on possible modes of action of fat-soluble carcinogens 
comes from experiments of jet another kind. The natural 
route for elimination of many fat-soluble water-insolublo 
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CARCINOGENIC ACTION OF HEATED FATS 

TABLE I 


Author 

Seek (1941) 


Beck, Kirby & Peacock 
(1945) 


Substance 

Cottonseed oil 


Cottonseed oil 
Cottonseed oil 


20% cholesterol in 
olive oil or cotton- 
seed oil 

20% cholesterol in 
cottonseed oil 

Residue from heated 
cholesterol 20% in 
olive oil 

20% cholesterol stere- 
ate in arachis oil 

25% cholesterol palmi- 
tate in arachis oil 

20% cholesterol in 
arachis oil 

17% cholesterol in 
acetone 


Temperature and time 
of heating 

Method of 
Administration 

Yield of 
tumours 

Nature of 
Tumojf 

340°-360° C I hour 

0 5 ml subcutaneously 

(12) 2/6 

spindle-cell 
sarcomas after 
414 and 538 days 

200” -220° C 12 hours 

0 5 ml subcutaneously 

02) 0/3 



Unheated 

0 5 ml subcutaneously 

(12) 0/10 

_ 


270 1J -300° C 

i hour 

0 5 ml subcutaneously 

(18) 

1/8 

spindle-cell 
sarcoma after 
386 days 

270°-300° C 

} hour 

painted 

(12) 

0/12 

— 

270°-300° C 

■£ hour 

0 5 ml subcutaneously 

(12) 

I/ll 

spindle cell 
sarcoma after 
345 days 

300° C 

i hour 

0 5 ml subcutaneously 

(18) 

0/18 

— 

300° C 

i hour 

0 5 ml subcutaneously 

(24) 

0/24 

— 

430° C 

i hour 

0 5 ml subcutaneously 

(18) 

0/18 

— 

430° C 

1 hour 

painted 

(18) 

3/4 

2 regressing 

1 persistent 
papilloma 
earliest 460 
days 


The numbers in brackets give the initial numbers of mice under test Fractions give the ratio of tumours to 
animals surviving at the time of the first tumour's appearance 


substances, including carcinogenic and pon-carcinogemc 
hydrocarbons, is mainly by way of the liver, bihaiy passages 
and alimentary canal (Peacock, 1936) Chemically stable 
fat-soluble substances ingested over a long period would 
probably reach a higher concentration in the liver than in 
most other tissues Shabad (Klemenberg, Neufach & Shabad, 
1940) first drew attention to human liver as a source of 
carcinogens, and his work has been confirmed by independent 
investigations (Hieger, 1940 , Des Ligneris, 1940 , Sterner, 
1942), though the nature of these substances has not yet been 
determined The carcinogenic material is present in the 
imsapomfiable and fat-soluble fraction of the liver, but it 
has not yet been established whether there is regularly a 
higher concentration of potential carcinogen in the liver of 
cancer patients than in the liver of non-cancer patients of 
similar age-groups, though the available evidence suggests 
that this may be so It is quite possible that this apparently 
endogenous source of chemical carcinogens is really of 
exogenous ongm and is merely accumulated in the liver 
At any rate it does not seem to come from the tumour, as 
tumour-extracts prepared m the same manner are non- 
carcinogemc 

Sterner (1942) makes the interesting point that, if cancer is 
viewed as a disease of individual cells, then the nsk to 
individual epithelial cells of the human extra-hepatic biliary 
passages is much greater than that to gastric epithelial cells, 
as the total cell populations of the two organs are roughly in 


the proportion of 1 300, whereas the incidence of cancer 
is about I 60 This seems to suggest that the bile would be 
a better source of potential carcinogens than liver, but so far 
there is insufficient evidence to determine this point Small- 
scale investigations of samples of bile from cancer aad 
non-cancer groups of patients w this laboratory have not 
given any evidence of the presence of carcinogens in odier 
group of samples In this connection it should be remembered 
that, in the case of benzpyrene, excretion of the hydrocarbon 
by the liver is effected by metabolism to 8 hydroxy 
benzpyrene, though about 1% is excreted unchanged 
(Peacock, 1936 , Chalmers & Peacock, 1936 , Chalmers & 
Kirby, 1940 , Chalmers & Crowfoot, 1941) 

Evidently we are only beginning to understand o 
carcinogens may be derived from seemingly harmless arte es 
of diet, and even from apparently normal tissues , an * 
by no means certain that any of the common forms oi 
cancer are, m fact, caused by such potential caI ^ m0 ^ nce 
However, it is the purpose of cancer investigators to r 
the risks of carcinogenesis, and to this end any su 
that has been proved to be carcinogenic, or any 
species of animal, must be regarded as p oteatia ly 
gemc for other tissues and other animals Judged 
basis, which may err on the side of safety, meth . t 

that involve heating fats and oils to temperatures 
300° C provide a source of potential carcinogens 

Conunucd at foot of fxtf* 
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1 Actions of oestrogen on tissue-growth 

2 Pituitary tumours 

3 Mammary cancer 

4 Uterine fibromyomata 

5 Uterine adenomata and carcinomata 

6 Ovarian tumours 

7 Tumours of the testis and epididymis 

8 Benign enlargements of the prostate 

9 Adrenal tumours 

10 Subcutaneous sarcomata 

1 1 Leucaemia 

12 Tumours of bone 
References 

An oestrogen is any chemical compound which will induce 
Mnufication of the vagina in an adult mouse, like that which 
occurs at normal oestrus Such compounds are formed 
naturally in the o vanes, placenta, adrenals and testes In 
addition, numerous oestrogens, which are unknown as 
natural products have been synthesized These compounds, 
natural or artificial, all act alike m the body, though the 

' a »a perouuian of tho Cambridge University Press frco use has 
Narrows 1945 ** u * papcr of Biological actions of sex hormones by Harold 


speed and duration of the results, and the effective quantities 
of drug, vary with their rate of solution and metabolism, and 
with the special characters of the recipient However, every 
oestrogen has two noteworthy biological properties (l) it 
acts specifically on structures concerned with reproduction 
and (n) in certain conditions it may be a cause of tumours 
in these organs Although the nedplastic influence of 
oestrogens is not quite limited m this specific way — for they 
may bring about subcutaneous sarcomata, leucaemias, and 
tumours of bone — yet the limitation is close enough to form 
a characteristic feature 

In one respect the carcinogens and gonadal hormones 
overlap m their potencies, for, according to Bullough (1 946) 
oestrogens, androgens and carcinogens all stimulate mitosis 
throughout the body The cells of the female reproductive 
system, however, are peculiarly sensitive to oestrogens, as 
those of the male organs are to androgen 

In Fig 1 are structural formulae of some of the best-known 
natural oestrogens , and for comparison the constitutions of 
some other natural compounds are shown in Fig 2 For 
consideration with these several artificial oestrogens are 
shown m Fig 3 

1 Actions of Oestrogen on Tissue-growth 

i Arrest of Normal Tissue-growth 

In some circumstances the growth of particular tissues Is 
prevented by oestrogens Thus, they check the supply of 
follicle-ripening hormone from the anterior lobe of the 
pituitary and so stop the development of the ovarian follicles , 
or, when present in excess, oestrogens impede rather than 
enhance the growth of the mammary ducts 
li Stimulation of Growth of Specusl Organs 

Specificity of action The stimulating effect of oestrogens 
as already said is mainly confined to the female organs of 
reproduction This specificity is independent of the sex of 


CARCINOGENIC ACTION OF HEATED FATS AND LIPOIDS 
Continued from page 36 6 

.u?®® j th? kitchen of the Glasgow Royal Cancer Hospital 
‘icwrl iwi i} 12 temperature of fat used for deep frying did not 
c > "Ut frying in an open pan, and roasting and 
»™uag may expose the surfaces of fatty foods to higher tern- 
f' It is not unreasonable, therefore, to consider whether 
statistical evidence in regard to human cancer, particularly 
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FIG I SOME) WELL-KNOWN NATURAL 
OESTROGENS 




FIG. 2. SOME 
STEROIDS TO 


NATURAL NON-OESTROGEN1C 
COMPARE WITH! THE OESTROGEN! 

Or FIG I 









CH 2 0H 

I 



c 2 h 5 c 2 h £ 


HO 


,jCt c - c “0. 


stilboestrol 

(Dodds, Goldber*. Lawson & Robinson 1938) 


FIG 3 SYNTHETIC OESTROGENS 

H H 

h OH^> oh 

C 2 H S C ; H S 

hexoestrol 

(Campbell Dodds & Lawson 1938) 


OH 



H 


triphenylethylene 
(Robson & Schonberj, 1937) 



9 1 0 -di hydroxy-9 IO-di-n-propyl-9 10-dihydro-l 2 5 6-dibenz- 
anthracene 
(Cook & Dodds 1933) 


C 2 H s 0 



c 2 H 5 0 _ 

a-di-(p ethoxyphenyl)-£-phenyl bromoethylene (DBE) 
(Robson & Schonberj, 1942) 

H H H 

Oi-i-O* 

CM, CH, CH 2 
CHj CHj 

benzoestrol 

(Blanchard & Stebblns 19-45) 
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the mdjvidual, and homologous tissues in the two sexes re ict 
alik e , the capacity to respond is innate in caeh individual 
cell, is unaffected by its neighbours, and is not abolished by 
transplantation into another part of the body or into another 
individual, whether of the same or the opposite sex 
Gradients of response eness The potency of an oestrogen 
vanes in degree, not only as between one organ and another 
but also m different parts of a single organ 
Localization by hyperaemia. and inflammation For obvious 
reasons hyperaemia will probably enhance the local effective- 
ness of a hormone earned in the blood-stream , and 
inflammation certainly causes an increased concentration of 
oestrogen in the affected region (Brunelh, 1935) Perhaps 
the observation by Wade & Doisy (1935) that dady swabbing 
alone may mduce oestrogenic effects in the spayed rats 
vagina may be explained on this foundation for spaying does 
not lead to a total disappearance of oestrogen from the blood 
Reversible and irreversible effects After adolescence, 
though not before, most of the effects of oestrogen are 
reversible and to such a rule innocent tumours conform , 
in this respect cancer is exceptional 
Effects of sex and repeated administration. Results obtained 
by Stemach & Holzknecht (1916), who transplanted the 
testes of guinea-pigs into females, and ovaries mto males, 
seem to indicate that males are more reactive than females 
to oestrogens , on the other hand some adaptational 
resistance to oestrogen m a male mouse after prolonged 
administration has been recorded (Burrows 1937) 

Inactivation and excretion of oestrogen The effects of an 
oestrogen depend for their degree upon the rate of its 
inactivation by the liver and its excretion by the kidneys and 
bowel These processes have obvious implications The 
occasional appearance of gynaecomastia in men with hepatic 
cirrhosis seems to illustrate the statement. The action of the 
thyroid and the general metabolic rate also have to be 
considered. 

Other factors concerned with the appearance of oestrogenic 
effects There is not space here to enumerate every detail 
affecting the degree and nature of oestrogenic action. The 
hindrance to the production of oestrogen and the antagonism 
to some of its effects displayed by androgen is one of these 
and so, too, might be mentioned the various co-operative and 
antagonistic effects of the gonadotrophins toward each other 
Later we shall have occasion to remark that Ul-health, and 
especially that due to a deficient food-supply, materially 
reduces the production of oestrogen in the living organism 
and consequently reduces the liability to oestrogenic cancer 
Bearing m mind this summary of facts, attention may be 
Siven to the neoplastic effects of oestrogens 


2. Pituitary Tumours 

The cells of the anterior lobe of the pituitary gland respond 
0 oestrogens by a considerable variation in their numerical 
ropottions and cytological characters Chromophil cells 
instance diminish in numbers with a corresponding 
suffT 150 i°^ c hromophobe cells These changes may, if 
, Prolonged give nse to enlargement of the anterior 

the f 2 * * 5 j ' V k°l e Under conditions of excessive stimulation 
dLkAk passes ultimately mto an exaggerated state of hyper- 
literal’ havw ® 'Ll® characteristics of an adenoma In the 
and th 16 00 ^Tpenmental induction of pituitary tumours 

cu spontaneous occurrence in certain strains of rats 


there is some confusion as to which tumours may be classified 
as true adenomata and which should really be placed in the 
category of functional hyperplasias 

Spontaneous tumours of the pituitary gland occur 
frequently m male and female rats of certain strains (Martins, 
1936 , Wolfe, 1941 , Saxton Sc Graham, 1944) and rarely in 
other strains In mice these tumours are rare, the incidence 
being so low that for instance according to Sl>e Holmes & 
Wells (1931) only one such tumour was found m 11,000 
mice Wolfe (1941) noted in an inbred strain of rats that 
advancing age was associated with reduction in the acidophil 
cells and a progressive enlargement of the gland as a whole 
Similarly Saxton & Graham (1944) recorded the appearance 
of chromophobe adenomata in 61% of males and 30% of 
females of the Yale strain There is some doubt whether 
these authors were dealing with true adenomata The 
spontaneous enlargement was inhibited according to Wolfe 
(1941) by repeated daily injections of testosterone propionate 
Saxton & Graham (1944) made homologous intra-ocular 
transplants and concluded however, that the tumours could 
be more closely identified with neoplasia than with focal 
hyperplasia although they produced no evidence of actual 
metastasizing new growths There is no doubt that, in some 
strams of rats ageing is accompanied by a hormonal 
imbalance sufficient to cause growth and cellular changes in 
the pituitary gland the swellings of which m some instances 
may resemble adenomata 

In 1936 the formation of pituitary tumours m mice and 
rats after prolonged oestrogen administration was described 
(Cramer & Homing , McEuen Selye & Colhp , Zondek) 
These results were confirmed by Burrows (1936a) and 
Deansley (1939) among many others Burrows (1936b) 
treating mice over long periods with oestrone, has obtained 
nodulated pituitary tumours which occupied one-thurd of the 
cranial cavity, and in some cases caused exophthalmos with 
other obvious physical signs None of these workers was able 
to claim, however that the tumours metastasized or possessed 
all the characters of true neoplastic growths Deansley (1939) 
found that if the oestrogen treatment was stopped, the glands 
gradually returned to then normal size even though they bad 
been stimulated by the oestrogen to adenomatous dimensions 
The condition was therefore maintained only in the presence 
of excessive amounts of oestrogen and could be reversed or 
even inhi bited at the outset as Cramer & Homing (1938) 
showed bv the simultaneous injection of thyrotrophic 
hormone with the oestrogen 

It should be noted that the hyperplastic reaction caused by 
excess oestrogen as far as the present evidence shows is 
confined to rodents and it cannot be said that oestrogen 
invariably induces the same type of response Stilboestrol 
stimulates the formation of acidophil cells according 
to Baker & Everett (1944) whereas naturaHy-occumng 
oestrogens increase the number of basophils (Desclrn 
1935 , Sevennghaus 1936) By treating different inbred 
strains of mice with oestrone from birth Lacassagne & 
Nyha (1937) showed that the pituitary gland m each strain 
reacted differently to equal doses of the same hormone 
These observations were confirmed by Gardner & Strong 
(1940) 

Vazquez-Lopez (1944), working with the hamster, Cncetus 
has succeeded in inducing an adenoma-like hyperplasia of 
pars intermedia cells by prolonged oestrogen admmistraUon 
which m its early stages recalls the spontaneous basophil 
invasion of the pars nervosa found not uncommonly in the 
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human gland Unlike the anterior Jobe tumours, described 
m rats and mice by previous authors, there is much more 
invasive growth by the tumours in hamsters The cells 
extend in some cases into the anterior lobe, throughout the 
pars nervosa and upwards through the stalk of the pituitary 
to enter the wall of the third ventricle Nevertheless, this 
author is still reluctant to consider the tumours produced as 
truly neoplastic More recently Vazquez-Lopez (personal 
communication) has found that prolonged administration of 
stilboestrol, combined with thiourea, causes the development 
in rats of tumours of a more convincing malignant character 
W nether oestrogens will be found ultimately to give rise 
to truly cancerous proliferation of pituitary glandular cells 
remains undecided In any case, the adenoma-like reactions 
found in rodents can be produced only by excessive oestrogen 
administration ranging over a long period of the normal 
life-span, comparable in humans, as Cramer & Homing 
(1936) have pointed out, to a period of 7 to 10 years The 
therapeutic administration of oestrogens therefore seems 
unlikely to result m the formation of human pituitary 
adenomata or tumours of hyperplastic origin 


3 Mammary Cancer 

Fifty years ago the ovaries were thought to be responsible 
for mammary cancer (Beatson, 1896) Since then the 
hypothesis has been found correct, and various workers have 
shown that the disease in mice can be largely prevented by 
removal of the ovaries in youth (Lathrop & Loeb, 1916 , 
Loeb, 1919 , Con, 1927 , Murray, 1928) Later it was 
learned that, if mice are spayed on the day after birth, some 
recovery of oestrogenic power is apt to occur, probably due 
to an increased formation of oestrogen by the adrenals , 
and although mammary cancer may follow, its incidence is 
reduced and the disease occurs later m life than in mice which 
have not been spayed (Fekete, Woolley & Little, 1941) 
Murray (1928 , 1930) found that cancer of the breast may 
develop in castrated male mice into which ovaries have been 
transplanted , and a similar result has been reported by 
De Jongh & Korteweg (1935) No instance of spontaneous 
mammary cancer m male mice had been recognized until 
Athias (1945) and Athias & Furtado Dias (1941) described 
the occurrence in a single strain (H), and in these mice the 
disease is associated with an abnormality of the testes 

Our knowledge advanced when it was shown that the 
ovarian factor in carcinoma of the breast is present in the 
follicular fluid of the ovary (Goormaghtigh & Amerluick, 
1930) This factor was eventually isolated from the liquor 
folliculi of sows’ ovaries by MacCorquodale, Thayer & Doisy 
(1936) and identified as a-oestrodiol Before this date, 
oestrone had been obtained in a pure form from the urine 
of pregnant women by Doisy, Veler & Thayer (1929) and 
very shortly afterwards by Butenandt (1929) working inde- 
pendently To-day, numerous pure oestrogenic compounds, 
natural and synthetic, are available for biological experi- 
ments, and every one of them which has been tested for the 
purpose has been found able to cause cancer of the breast 
in male and female mice, including oestrone (Lacassagne, 
1932 , Burrows, 1935), oestradiol (Gardner, Smith, Allen & 
Strong, 1936), Guard’s equihn and equilenm (Lacassagne, 
1936 , Gardner, Smith, Strong & Allen, 1936), triphenyl- 
ethylene (Robson & Bonser, 1938), and stilboestrol (Lacas- 
sagne, 1938) Geschickter (1939), Eisen (1942), and Nelson 


(1944) have (induced mammary cancer in rats with oestrone 
oestradiol dipropionate, and stilboestrol. 

Although oestrogen-is a leading agent m causing mammary 
cancer, it has this effect only in the presence of other factors 
Many pure strains of mice are now available, in some oi 
which— known as high-cancer or HC strains-there is a high 
incidence of mammary cancer m the untreated females , and 
m these mice the males also are apt to have cancer of the 
breast after treatment with oestrogen. In the other-low 
cancer or LC — strains, spontaneous mammary cancer is rare 
in the females and is not usually produced in the males by 
oestrogen (Lacassagne, 1933, 1935 , Twombly, 1940, 
Bittner, 1941) The difference between these two kinds of 
mice is caused by the presence or absence of certain hereditary 
factors In this connexion it may be noted that the trans 
planted ovary of an LC mouse, by providing oestrogen, may 
induce cancer of the breast in a male, but only if he belongs 
to an HC strain (Little, 1936) 


Hereditary Factors Required for the Induction of Mammon 
Cancer by an Oestrogen 1 

Genic factor Though genes play some part in suscepti 
bihty to cancer of the breast in mice, the part is small, for in 
these animals the susceptibility is transmitted mainly through 
the mothers The small paternal influence is gemc (Lathrop & 
Loeb, 1918 , Cloudman & Little, 1936 , Korteweg, 1936), 
and both Bittner (1940a), and Andervont (1940) believe this 
genic factor to be a mendehan dominant It is uncertain 
whether (Andervont & McEleney, 1941) the genic factor 
affects the susceptibility of the mice to the cancer-producing 
tendency of oestrogen or whether it controls the non-genic 
hereditary factor itself 

Non-gemc hereditary factor The predominance of here- 
ditary factors unconnected with chromosomes is dearly 
shown by Lit tie (1933), who cites the findings of four mde 
pendent inquners (Table I), displaying how little a share the 
paternal genes exert on the incidence of this form of cancer 


+ABLE I EFFECT ON INCIDENCE OF^AMMAg 

CANCER IN MICE OF CROSSING HIGH-CANCER 
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of a familial tendency of this kind in man, though other 
searchers have failed (Passey, 1942) 

We have now to consider how the non-hcrcditary factor is 
transmitted from mother to child Bittner &. Little (1937) 
transferred fertilized ova from HC mothers into the uteri of 
LC mice and the tendency to mammary cancer disappeared 
from the joung which had been treated in this way Fekete & 
Little (1942) on the other hand showed that LC ova trans- 
ferred to HC mothers thereby acquired a special liability to 
cancer of the breast Moreover it has been shown that the 
factor is conveyed to the young in the mother’s milk for HC 
new-bom truce suckled by LC mothers acquire thereby a 
lower chance of getting cancer than is characteristic of their 
strain (Bittner & Little 1937) Such an efTect however 
results only if the transference is done almost immediately 
after birth (Bittner 1939 , Andervont & McEleney, 1939 
1941) Furthermore, Andervont Shimkin & Bryan (1942) 
found that the susceptibility to this factor seems to decrease 
soon after birth although the factor itself remains present in 
the mothers milk throughout lactation (Bittner 1940b) 
Oice the non genic factor has been eliminated from mice of 
an HC strain their greatly reduced liability to mammary 
cancer is continued in subsequent generations (Bittner 1937) 
The mother’s milk is not the only medium by which this 
factor can be transferred to the young for it can be conveyed 
to LC mice by implantations of tiny pieces of spleen, thymus 
or blood derived from an HC mouse (Bittner 1939, 1940b 
Woolley Law & Little, 1941) 

Absence of the non-gemc factor from an LC mouse does 
not mean that the mouse is resistant to this factor , it may In 
fact be very susceptible to it whereas mice of certain other 
strains do show a high resistance against the factor (Ander- 
vont 1940 , Murray 1941) 

The continuance of a susceptibility to cancer under the 
influence of oestrogen once it has been established by the 
presence of the non-gemc factor, contmues from generation 
to generation which shows that the agent multiplies m the 
body and that it may be a virus , Its dimensions accord 
with such a concept (Visscher, Green & Bittner, 1942 , 
“tyan, Kahler Shimkm & Andervont 1942) 

It may be added here that the development of uterine 
canc cr in response to oestrogen is not dependent on the 
presence of this non-gemc factor (Allen & Gardner, 1941) 

4 Uterine Fibromyomata 

The experimental induction of uterine fibroids m laboratory 
■nurnmals by oestrogen administration is confirmed by many 
authors The development of these tumours can be inhibited 
and in some cases prevented by endocrine therapy It is 
encouraging further to find that recent cluneal work on the 
or ^ n treatment of this disease in women is in accord 
Wl . to® experimental results obtained in animals 
ut ~ ac ^ ssa S n e (1935) found fibromyomatous changes m the 

n of rabbits and mice, following the injection of oestrogens 

e also noted that the reaction of the uterine stroma to 

ogens vanes in degree in different strains of inbred mice 
Lin^un le ' SOn ^®^7) Moncard & Cauchoix (1938) and 
coni UtZ & iHglesias (1938) using different oestrogenic 
tomv ° Unt ^ S lru * uce d utenne tumours m guinea-pigs Ovanec- 
accelf a ?» rdm * 4 * * * * * 10 Lipschutz Rodnquez & Vargas (1939) 

It ivui a PP eaf ance of utenne fibroids in these rodents 

also found that small dosages of oestrogen were more 


effective than larger ones (Lipschutz 1942) although a 
difference existed in the reaction of the uterus to oestrogens 
in different species According to Lipschiltz & Vargas 
(1940) stilbocstrol is the most potent oestrogen for the 
production of uterine fibromyomata in guinea-pigs 

Perloff & Kurzrok ( 1 942), by implanting pellets of oestradiol 
benzoate in the uteri of guinea-pigs, succeeded in further 
hastening the development of the tumours all of which arose 
at the site of implantation as early as 32 days after treatment 
commenced It is of interest to note that Lipschutz Inglesias 
& Vargas (1939) found that the tumours regressed when 
oestrogen treatment was terminated There is therefore 
a similarity between fibromyomata and the adenomata of the 
pituitary which arise after prolonged oestrogen administra- 
tion, since the latter also regress when treatment is 
discontinued 

Vargas (1943) demonstrated that oestrogens do not act 
through the pituitary in causing uterine tumours m guinea- 
pigs, although an indirect action of this land does take a part 
in the origin of mammary cancer in mice Thus Vargas 
succeeded m producing experimental uterine fibroids witn 
oestrogens in hypophysectomized animals and noted that 
a conUnuous administration of the hormone in the same 
rodents failed to stimulate growth of the mammary glands 

That androgens or progesterone afford some protection 
against the tumour-producing effect of oestrogens seems 
likely, since Lipschutz, Vargas & Ruz (1939) found that 
testosterone propionate if injected in a proportion of 22 1 
against oestradiol benzoate, inhibited uterine tumour 
formation Similar results were obtained when progesterone 
was given simultaneously with oestrogen. 

There is a further aspect of the problem of utenne fibromata 
to be found in connexion with vitamin E deficiency Tumours 
s.milar to those induced by oestrogens, develop in rats kept 
on a diet deficient in vitamin E (see Martin & Moore, 1939 , 
Bame, 1938) Shute (1944) has made the suggestion that m 
all vitamm-E deficiencies the blood-level of oestrogens tends 
to rise He regards vitamin E as an anti-oestrogen. 

Turning to the clinical field we find a wealth of evidence 
linkin g utenne fibroids with oestrogenic stimulation (see 
Tietze 1934 , Witherspoon, 1935 , Pmeda & Porres, 1944 
Austin & Ramsey, 1944 , Greenblatt, 1943 , Perloff. 1942 , 
Shute, 1944) Ovanan tumours functional menorrhagia 
and other conditions associated with a high level of oestrogen 
m the blood-stream, may occur in subjects bavihg utenne 
fibromata or allied conditions Regression of these tumours m 
women follows oophorectomy as well as the implantation or 
injection of testosterone propionate, just as it does in 
laboratory animals (see Greenblatt 1943 , Perloff, 1942 , 
Shute 1943) Similar results may be obtained according to 
Shute (1944), by treatment with progesterone or vitamin E 

From all these observations it is clear that care must be 
taken with the administration of hormones affecting the 
utenne tissues It seems likely for instance, from the reports 
of Portes (1938) and Shute (1936) that prolonged treatment of 
dysmenonhoea with oestrogen may lead in some cases to the 
development of utenne fibroids Moreover in a recent 
review by Scheffey Farell & Hahn (1945) it is pointed out 
that the hasty diagnosis of benign utenne fibroids some of 
which may be actually malignant utenne tumours, is not 
without danger if endocrine therapy is to be emplojed 
Hormonal treatment of malignant conditions in the uterus 
would prove not only useless but harmfuL 
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5 Uterine Adenomata and Carcinomata 

Epithelioma of the cervix A keratinizing metaplasis of 
the lower terminal end of the uterus is familiar to experi- 
mentalists as a result of the continued administration of 
oestrogen. The condition occurs in rhesus monkeys 
(Overholser & Allen, 1933 ; and others) as well as in rodents 
Experimentally, however, no unquestionable instance of 
cervical cancer was caused by this method in any animal 
until Allen & Gardner (1941) found that it could be induced 
m this way m mice of the CBA strain, or in crosses of this 
strain with C57 mice Oestradiol benzoate in weekly doses 
of 16 6y caused uterine cancers m 25 of 44 such cross-bred 
mice Their observations have since been confirmed by 
others (Miller & Pybus, 1942), and they leave no doubt 
that, given suitable conditions, oestrogens may bring about 
epithelioma of the cervix 

Adenoma and adenocarcinoma The evidence that 
oestrogens may be, m part at least, the cause of utenne 
adenomata is mainly observational In women, the associa- 
tion of adenoma and adenocarcinoma with other lesions 
known to be due to excessive oestrogenic action is recognized, 
and fibroids, polypoid adenoma, endometrial hyperplasia 
and carcinoma may all be associated in a single patient, and 
have been observed m women with certain ovarian tumours 
which produce oestrogen, e g granulosa-cell tumours 

Endometrial carcinoma is common m rabbits Greene & 
Saxton (1938) reported 83 instances of this disease in then 
own rabbits, and Greene (1941) believes there is abundant 
evidence that oestrogen is a cause One of the writers 
(Burrows, 1940) recorded 15 cases of endometrial cancer 
occurring among 25 of his rabbits, and in 3 of these cases 
carcinoma of the breast was present in addition In all the 
affected rabbits the primary tumours were multiple, and in 
several of the animals malignant tumours were accompanied 
by seemingly innocent adenomatous polyps, and occasionally 
fibromyomata were present also The ovaries of these 
rabbits were enlarged, yellow in colour, and consisted mainly 
of lutein-like cells, and the breasts not rarely were affected 
with cystic mastopathy. These experiences have been 
confirmed by later and more extended experience The 
results strongly suggest that oestrogen is the main, though 
perhaps not the only, etiological factor in this form of 
malignant disease 

6, Ovarian Tumours 

There are two features which suggest the possibility that 
ovarian cancer may be caused by some specific agent conveyed 
by the blood-stream One of these is the considerable 
frequency with which both ovaries are affected, and the other, 
less striking fact, is that malignancy may become imposed on 
some innocent abnormalities of the ovary. Experimental 
work has not hitherto revealed the existence of any such 
specific agent Concerning innocent tumours of the ovary, 
including multilocular cysts and endometriosis, it does appear 
that oestrogen may be regarded as a causal agent Champy 
(1937) has found that a continued subjection of mammals to 
injection with oestrogen nearly always brings about invagina- 
tions of the germinal epithelium with the formation of 
multiple mucoid cysts In the course of time, he says, 
papillomata are apt to develop from the cyst-walls 

While mentioning these observations by Champy, it has to 
be admitted that the possible causation of ovarian tumours 


by oestrogen has received little substantiation m the 
laboratory, and a firm opinion on the subject is at present 
hardly justified 

7. Tumours of the Testis and Epididymis 

Testis. Tumours of the testicle, like those of the ovary, 
are frequently bilateral, and in some instances at least, 
oestrogen appears to be an etiological agent. Burrows 
(1935 , 1936 , 1937) showed that under repeated cutaneous 
applications of oestrogen, there occurred in some mice a 
great increase in the number and size of the mtertubular 
glandular cells, while the tubular epithelium gradually 
became eliminated. As a result the testes became enlarged, 
yellowish m colour, and tended to a globular shape. Though 
usually of unequal degree m the two testes, the condition was 
bilateral as a rule, and in these mice, which were non-pedigree 
animals obtained from a dealer, no instance of malignancy 
occurred Gardner (1937), confirming these observations, 
found that the condition could be caused in some strains of 
mice more readily than in others He gave large doses of 
oestrone benzoate (500 international units) or equibn 
benzoate (0 1 mg ) once a week to mice of the following 
strains Strong A, C 3 H, CBA, N, F Only in the Strong A 
mice was this hypertrophic condition of the Leydig tissue 
produced These results were confirmed by Shimkin, 
Grady & Andervont (1941). 

Bonser & Robson (1940). like Gardner, found that the 
Strong A mice were particularly susceptible to this condition. 
They gave the synthetic oestrogen tnphenylethylene (3 mg 
subcutaneously once a week) to mice of the strains RID, 
CBA, and Strong A Hyperplasia of the Leydig tissue 
appeared only in the Strong A mice, and in them the condition 
occasionally suggested the presence of a malignant change, 
metastastis being suspected m one In a later paper Bonser 
(1942) states that bilateral interstitial-cell tumours developed 
m the testicles of every one of 8 Strong A mice which had 
been treated in the way just mentioned and had survived for 
50 weeks It is now well established that interstitial testicular 
tumours with metastases can be induced by oestrogens in 
Strong A mice (Hooker, Gardner & Pfeiffer, 1940 , Hooker & 
Pfeiffer, 1942). 

It may be noted that Fell (1922) recorded a comparable 
hyperplasia of the interstitial tissue in the scrotal testicle of 
a pseudohermaphrodite pig 

The writer attempted to produce tumours by injecting 
0 5 mg of equihn m oil into the testes of 4 rabbits The 
injections were given once a week for 34 weeks and were 
usually made mto the right testis, but occasionally into the 
left if the right appeared excessively tense Eventually one 
of the two survivors was killed because of a seminoma of the 
left testis with metastases. Possibly, in some circumstances, 
cancer of the testis may be caused in the rabbit, as m the 
fowl, by non-specific injury of the organ ; other laboratory 
experience suggests such a possibility Does such trauma 
lead the testis itself to produce oestrogen? An occasional 
result of injury of the testis in man is gynaecomastia, and the 
association is suggestive 

It may be that the malignancy which so often anecis 
undescended testicles m man is attributable to the formation 
of oestrogen Facts which suggest such a possibility are e 

following , , n 

i Undescended testes are apt to show a hyperplasia or me 
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glandular interstitial tissue like that caused in certain mice 
by oestrogen 

11 Malignant tumours growing in the cryptorchid testes 
of three dogs were all accompanied by changes in the mammae 
and accessory reproductive organs like those caused by 
oestrogen (Greulich & Burford, 1936) 
m Experiments have shown that ovaries of mice implanted 
in the ear. where they are subjected to a lower temperature 
than m the abdomen, produce an excess of androgen (Hill & 
Gardner. 1936 , Hill, 1937, 1941 , Hill & Strong, 1940, 
Deanesley, 1938) Analogy suggests that a testis retained 
within the abdomen may possibly produce an excess of 
oestrogen 

iv In a special strain of mice (H) m which spontaneous 
mammary cancer occurs in the males, hyperplasia of the 
interstitial glandular tissue, like that caused by oestrogen, is 
present also (Athias &. Furtado Dias, 1941 , Athias 1945) 
Epididymis Tumours of the epididymis, such as are caused 
by oestrogens, do not seem to have been observed m mice or 
rats, though an epithelial metaplasia is an occasional sequel 
in the foimer Vazquez-Lopez (1944), however, implanted 
oestradiol (10 mg.) subcutaneously in 3 male hamsters 6 
weeks old, and at the end of 297 and 327 days 2 of the animals 
had carcinoma of the epididymis, the condition being 
bilateral in one of the instances 

8 Benign Enlargements of the Prostate 

The dependence of the prostate on the testes and its 
atrophy after their removal, were long ago recognized by 
John Hunter, and at the end of the last century it was seen 
that even benign enlargements of the prostate shrank after 
castration From such knowledge it seems clear that, not 
only the normal growth of the prostate, but benign enlarge- 
ments also of that organ are caused by gonadal hormones 
Experimentally it has been shown that oestrogen in excess 
of a normal supply causes atrophy of the secretory elements 
of the prostate, together with a hyperplasia of their fibro- 
muscular stroma (Courrier & Gros 1934 1935 , Van 
Wagenen 1935a 1935b , Parkes & Zucherman, 1935) , 
and the distribution of these changes suggested both to 
De Jongh (1935) and Burrows (1935) that the benign enlarge- 
ment of the prostate in elderly men might be the result of a 
relative excess of oestrogen 

The increase of fibromuscular tissue found m benign 
prostatic enlargement mainly affects that part of the gland 
adjacent to the uterus mascuknus, whereas the lateral lobes 
though compressed remain relatively unaffected To explain 
this partition of effects it has been plausibly suggested that 
in man the part of the prostate which surrounds the uterus 
mascuknus has been derived from Mfillenan forerunners, 
whereas the mam body of the gland is of Wolffian origin 
Unfortunately there has been until lately no animal upon 
which these ideas might be conveniently tested. A remedy 
for this situation seems at hand, for Lipschutz Yanine 
Schwartz, Bruzzone Acuna & Silberman (1945) have lately 
found that prostatic enlargements involving fibromyomatous 
hyperplasia can be induced by oestrogens in the guinea-pig 
and that this growth can be prevented or checked bj the 
simultaneous administration of progesterone, deoxycorti- 
costerone or testosterone propionate 
From the foregomg remarks it appears although it is 
perhaps not finally proved, that the benign prostahe enlarge- 
ments of advancing age may be attributed to a decline m the 


production of one or more of the steroids mentioned 
relatively to the supply of oestrogen , and that a species on 
which this hypothesis may be tested is now available 


9 Adrenal Tumours 

A relationship between the sex hormones and adrenal 
tumours has long been recognized but the precise role played 
by these hormones has been obscure Clinical evidence has 
shown that excessive amounts of androgenic and oestrogenic 
substances may be present in the urine of patients suffering 
from adrenal tumours (Burrows Cook Roe & Warren 1937, 
Butler & Marrian, 1938) Unlike mammary cancer, adrenal 
tumours do not normall> develop spontaneously m mice 
It is therefore of great interest to find that Woolley & Little 
(1945) have recently discovered the factors necessary to induce 
cortical carcinomata m certain mbred strains of mice 

Earlier experiments had indicated that m some mbred 
strains nodular hypertrophy of the adrenal cortex resulted 
from ovariectomy (Woolley Fekete & Little 1939) Adrenal 
cortical tumours were obtained by Gardner (1941) m 13 out 
of 15 mice of the NH strain ovanectomized at the age of 
43 to 65 days These tumours were accompanied by specific 
changes in the accessory genital tissues and the skeleton 
similar to those associated with oestrogenic stimulation. 
Woolley Fekete <5L Little (1940) carried out a systematic 
examination of the development of adrenal and gonadal 
changes m different mbred strains of mice following ovariec- 
tomy They found some variation m the extent of the 
changes and noted that a high incidence of spontaneous 
mammary cancer seemed to be accompanied by more 
extensive adrenal corneal neoplasia and greater hyperplasia 
of the accessory sex organs, following ovariectomy, than 
occurs in mice with a low incidence of mammary cancer 
The most striking and consistent results were obtained 
however by using the CE strain of mice which has a low 
incidence of mammary tumours, but a high incidence of 
ovarian tumours When mice belonging to this strain were 
ovanectomized at 1-3 days after birth, 100% developed 
adrenal cortical carcinomata accompanied by changes m the 
accessory sex organs Castration shortly after birth likewise 
led to the formation of cortical carcinomata m 100% of the 
males The tumours in both sexes metastasized in many 
cases and were found to be transplantable No regeneration 
of the gonads was detected m any of the operated mice at 
autopsy, and no adrenal tumours developed m either the 
intact males or females of this strain. 

The condition of the accessory sex organs, following 
gonadectomy in both sexes indicated that they had been 
subjected to the influence of sex hormones Thus the ovanec- 
tomized females showed in the uterus, vagina, clitoridean 
glands and mammary glands the changes associated with 
prolonged oestrogenic stimulation In the castrated males 
with adrenal tumours the seminal vesicles and prostate 
glands were enlarged, and m many mice squamous metaplasia 
of the prostatic epithelium and an increase in the hyaline 
connective tissue of the prostatic stroma had occurred. 
Woolley & Little (1945) emphasize the fact that these changes 
were similar to those recorded by Burrows (1935) in male 
mice following treatment with oestrogens Dorfman A. 
Gardner (1944) made a biological assay of ovanectomized 
mice of the NH strain and discovered that the tumour- 
beanng ovanectomized mice secreted four times as much 
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oestrogen in their urine and faeces as the intact temales of 
the same strain 

Taylor & Wiseman (1942), and others, have found that 
neoplasia of the human adrenal cortex js more common in 
females These clinical observations are probably not 
unrelated to the findings of Woolley & Little (1945) that 
ovariectomized mice develop tumours earlier than castrated 
male mice, and that this difference in susceptibility seems to 
be constant within certain strains A further aspect of the 
problem has been revealed by Woolley & Little (1945) m that 
adrenals of gonadectomized mice, killed at varying intervals, 
showed the malignant changes to be related to a process of 
brown degeneration in the X zone Cramer & Horning 
(1937) had previously called attention to the association of 
brown degeneration in the mouse adrenal with other forms 
of cancer In view of the possible relationship between 
vitamin-E deficiency and abnormal oestrogenic stimulation 
(see section on uterine fibroids), it should be noted that 
Hueper & Martin (1942) found an adrenal tumour in a 
castrated rat fed on a diet deficient in this vitamin There 
seems little doubt, therefore, that oestrogenic stimulation is 
associated with the induction of adrenal cortical carcinomata, 
and it is remarkable that, in order to induce these tumours 
experimentally, only two factors are necessary — the selection 
of a suitable strain of inbred mice and the removal of the 
gonads at an early age 

Since it is established that the biological activities of the 
gonadal and adrenal cortical hormones normally overlap 
(see Burrows, 1945), the one set of hormones acting in part 
at least as substitutes for the other, it seems likely, as 
Fekete & Little (1945) have suggested, that the initial growth 
of the adrenal cortex in castrated mice may be due to an 
effort on the part of the adrenal to compensate for the 
absence of the gonads Whether continuous injection of 
either androgens or oestrogens would affect, or prevent, the 
formation of adrenal tumours in gonadectomized mice, does 
not appear to have been investigated 

10. Subcutaneous Sarcomata 

Experimental evidence suggests that the sex hormones are 
endowed with a capacity for inducing non-specific cancer. 
Sarcomata of the spindle-cell and round-cell varieties have 
frequently developed in mice or rats, following continuous 
subcutaneous injections of oestrogens (Con, 1927 , Suntzeff, 
Bums, Moskop & Loeb, 1936 , Gardner, Smith, Strong & 
Allen, 1936 , McEuen, 1938 , Burrows, 1945) Subcuta- 
neous transplantation of these tumours, when attempted, 
was successful Lacassagne (1939) appears to be the only 
investigator who has reported the same phenomenon following 
injections of testosterone propionate or testosterone acetate 
m mice Tumours occurred in 35 % of his animals 

In every case the sarcomata, whether induced by the male 
or female sex hormones, arose in the subcutaneous connective 
tissues near the site of injection Gardner et al (1936) were 
of the opinion that the sarcomata always developed at the 
point of contact between the tissues and the oil containing 
the hormone in solution. Other workers, however, have 
obtained the same type of tumour by the use of oestrogen 
in aqueous solution As most of the injected oestrogens in 
these experiments were dissolved in oils, the possibility that 
the oil and not the hormone might possess carcinogenic 
properties could not be neglected Burrows (1932), however, 


has studied the effects of repeated subcutaneous injections of 
various oils in mice, and found that, although the tissues 
reacted in an inflammatory manner, no sarcomata developed 
Mere mechanical injury to the connective tissue, caused by 
the injection needle, appears to have no detectable carcino- 
genic effect 

Gardner et al. (1936) draw attention to the fact that 
previous workers (Cook, Dodds, Hewett & Lawson, 1934) 
have shown that certain hydrocarbons, which induce 
cancer in mice, either when applied to the skin-surface or 
injected subcutaneously, have been found to possess both 
oestrogemc and carcinogenic activities There is a close 
chemical relationship between these hydrocarbon carcinogens 
and oestrogemc hormones These authors also point out that 
oestrogens under certain conditions may have a stimulating 
effect on mesodermal as well as epithelial cells 

Burrows (1945) suggests that the origin of sarcomata, 
arising from injection of male sex hormone, might be traced 
to the conversion of androgen into oestrogen inside the body 
He also draws attention to the fact that continuous painting 
of the skin-surface of rodents with sex hormones does not 
lead to skin-cancer It is interesting to note that no cases 
are reported of sarcomata arising after the subcutaneous 
implantation of oestrogen pellets Recently Perloff & 
Kurzrok (1941) found that pellets of oestradiol benzoate 
implanted m the uteri of guinea-pigs, lead to the production 
of fibromyomata at the site of implantation But this is a 
phenomenon arising m relation to overstimulation of tissues 
which normally respond to a particular hormone, and it is 
difficult to visualize the same sort of reaction taking place 
in other connective-tissue areas not specifically sensitive to 
normal levels of the hormone 


11 Leucaemia 

Leucaemia arises either from marked hyperplasia of various 
forms of mature and immature leucocytes, leading to a 
permanent leucocytosis and the appearance of immature 
forms in the circulation, as well as overgrowth of the haemo- 
poietic tissues, or, on the other hand, to a hyperplasia which 
may still involve mature and immature leucocytes, but with 
the proliferation confined to some or all of the haemopoietic 
centres without necessarily affecting the leucocyte population 
of the blood-stream Whatever variety of leucaetoic change 
takes place, and the change rarely involves more than one 
type of stem-cell, the end results are regarded as neoplastic 
The fundamental aspect of the disease seems to be a partial 
or complete independence of the leucocyte or its precursors 
from the regulation of growth and differentiation 

Most of our knowledge of the factors which either induce 
or modify the growth of the disease has been gamed from 
experiments on homozygous strains of mice which develop 
spontaneous leucaemia m varying degrees Information, 
though of less importance, has also been acquired from 
investigations on mice and rats of mixed ancestry bearing 
transplantable tumours 

Avian leucaemia, which can be transmitted by a cell-free 
filtrate, is not included m this review, as the relationship 
between leucaemia and oestrogens has been investigated 
mainly m inbred strains of mice It is also recognized that 
leucaemia in mice is a similar disease to that occurring m 
humans, with the exception that in most inbred strains of 
mice leucaemia is more prevalent in the females than in the 
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males In humans the reverse is the case, the ratio being 
2 1 in favour of the males Cole & Furth (1941) contend 
that the differences attributable to sex, which occur in most 
strains of mice in relation to the spontaneous development 
of leucaemia, are insignificant The problem has been 
examined statistically by Mac Dowell Potter & Taylor (1939) 
who maintain that, as the females possess a higher longevity 
than the males, this in part explains the higher incidence of 
leucaemia among the female stock Furth (1946) finds 
however that most males outlive their leucaemic sisters The 
higher incidence m homozygous females is attributed by 
Furth to the presence of an endocrine factor 
Recent experiments seem to suggest that several factors 
such as ocstrogens (Gardner, Dougherty & Williams, 1944) , 
adrenal cortical hormone (Dougherty <£. White, 1943) , 
carcinogenic h>drocarbons (Morton & Mider, 1941 , 
Engelbreth-Holm, 1942) , diet (Tannenbaum 1940) , and 
irradiation (Engelbreth-Holm 1942), may influence the 
growth and behaviour of leucaemia m mice and rats Some 
of these agents lead to the induction of various forms of 
leucocyUc neoplasia ranging from general leucaemia to 
lymphosarcoma and Furth (1946) regards ocstrogens as the 
most potent of the leucaemogemc agents Recent work on 
the relation between leucaemia and oestrogens is not unequi- 
vocal, owing to the interaction of hereditary factors, but the 
available evidence strongly supports the supposition that 
oestrogens do play an important part in the induction of the 
disease (Engelbreth-Holm 1942) 

Lacassagne (1937) was among the first to report the 
development of leucaemia and lymphoid tumours m mice 
after prolonged treatment with oestrogen Gardner 
Kirschbaum & Strong (1940) treated 149 mice belonging to 
a low-incidence strain with oestrogen 15 4% of which 
subsequently developed lymphoid tumours None of the 
117 untreated mice developed lymphoid tumours In a later 
series of experiments, Gardner Dougherty & Williams (1944) 
increased the incidence m low leucaemia strains from 2 % to 
25 % with oestrogen administration 
Of considerable interest are the results of ovariectomy and 
orchidectomy on mice belonging to strains developing a high 
degree of spontaneous leucaemia Thus Miller & Fybus 
(1942) reported that gonadectomy in either sex, of mice 
belonging to the Edinburgh strain, was followed by a marked 
increase in the mcidence of lymphoid tumours On the 
other hand, McEndy, Boon & Furth (1944), working with 
a high leucaemic strain of mice found that the mcidence was 
actually lowered from 74% to 45% by ovariectomy and 
raised in the orchidectomized males so that 60% developed 
leucaemia, compared with 52% of the unoperated controls 
Murphy (1944) using a strain of mice in which 88 4% of the 
females and 53 % of males developed spontaneous tumours 
also found that castration in the males increased the mcidence 
of leucaemia to 97% Ovariectomy in this strain had no 
significant effect In one group of castrated males the 
addition of testosterone propionate to the oestrogen treat- 
ment lowered the incidence of leucaemia to 58 % 

Gardner et al (1940) give further evidence of the antagonism 
between androgen and oestrogen for if these hormones were 
combined they found that only 1 mouse in 86 developed a 
lymphoid tumour, whereas the mcidence was 15% in mice 
receiving oestrogen alone 

According to some workers (Furth 1946) the male sex 
hormone appears to be without effect if the strain of mice 


has a low mcidence of spontaneous leucaemia In mice of 
two mixed stocks, Dmochowski & Homing (in press) found 
that 59% and 70% respectively of males castrated before 
puberty and afterwards treated with oestrogen, developed 
lymphoid-tissue changes resembling lymphoid tumours, 
whilst in the uncastrated mice of the same stock, treated with 
oestrogen only 11% and 19% respectively developed 
tumours No changes appeared in the control untreated 
mice In the majority of cases these lymphoid changes were 
associated with enlargement of the spleen, liver and kidneys. 
The position regarding the influence of oestrogens and 
androgens on leucaemia is therefore still obscure Furth 
(1946) contends that oestrogens are the dominant factor, 
whereas Murphy (1944) prefers to emphasize the inhibitory 
action of androgen rather than the apparent stimulation of 
oestrogen 

It is still more difficult to unravel the part if any played 
by the adrenals although Murphy & Sturm (1943) have 
obtained a marked increase m the mcidence of lymphoid 
leucaemia in rats following adrenalectomy These authors 
reported that the transplantation of a lymphatic leucaemia 
in rats resulted in 90% developing the disease if the host had 
been adrenalectomized 15 days before transplantation 
whereas in the control unoperated rats, only 45 % developed 
tumours 

Although it is unknown how oestrogens induce leucaemia, 
or whether the hormone acts directly upon the haemopoietic 
system or indirectly through some other organ, it must be 
admitted that certain similarities exist between the mduction 
of leucaemia and of mammary cancer by oestrogen adminis- 
tration With both conditions, the carcinogenic influence of 
oestrogen is dependent upon the genetical constitution The 
irreversible changes m leucaemia and mammary cancer 
appear to follow quite brief periods of oestrogen treatment, 
after which there is a latent interval and then the neoplastic 
changes result in tumour formation This latent interval may 
be as long as 12 months as shown by Dmochowski & Homing 
(in press) It would appear that, m some cases the oestrogen 
had induced a permanent change m the lymphoid tissue at an 
early stage which fails to reveal itself until rapid, uncontrolled 
proliferation ensues In fact according to Furth (1946) a 
greater mcidence of lymphoid tumours can be obtained if 
oestrogen treatment is short and discontinuous than if the 
treatment is extended. Similarly, mammary cancer in some 
strains of mice arises several months after oestrogen treatment 
has been discontinued 

If the influence of oestrogens on the mduction of leucaemia 
proves to be an indirect one, the implication arises that the 
anterior pituitary gland may be mvolved Flaks Himmel <£. 
Zotmk (1938) claim that the formation of blood-cells is to 
some degree regulated by a “pituitary haemopoietic 
hormone” Whether hypophysectomy, followed by oestrogen 
treatment, would result m inhibition of leucaemic changes 
as is the case with mammary neoplasia remains to be 
investigated 

1Z Tumours of Bone 

It has long been known that a relationship exists between 
the gonads and the skeleton and that sex differences are 
associated with bone-growth The direct influence of 
oestrogens on osteogenesis has been investigated however 
only m recent years In response to the mjecUon of oestrogen 
new bone is proliferated m immature female and male 
rodents especially m the medullary caviues of the long 
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bones High dosages, given for prolonged periods, cause 
hypercalcification, and the new endosteal bone may become 
so over-developed as virtually to obliterate the marrow 
spaces (Zondek, 1937 , Gardner & Pfeiffer, 1938a, b , Sutro, 
1940 , Miller, Oir & Pybus, 1943) According to Andrews 
(1942), 98% cases of hyperostosis frontalis interna occuried 
in women, and were generally detected during menopause 

In the experimental field it should be noted that Zondek 
(1937) claims to have observed a gradient of responsiveness 
on the part of the skeleton to oestrogens, and that the bone 
-hanges described by Sutro (1940), and Miller, Orr & Pybus 
(1943) were found to be reversible In the experiments of 
Gardner & Pfeiffer ( 1938a . , b), it was observed that the over- 
growth of bone was more readily induced m castrated than 
in non-castrated mice Moreover, these authors were able 
to inhibit the response of bone to oestrogens by the injection 
of androgens 

The occurrence of spontaneous bone-tumours in mice of 
mixed stock was first reported by Murray (1908), Bushford 
(1911), and more recently by Brunschwig & Harmon (1933) 


The primary osteogenic sarcomata, described by Murray and 
Bashford, continued to form bone during several generations 
of subcutaneous transplantation More recently, it has been 
demonstrated by Pybus & Miller (1940) that, in a certain 
inbred strain of mice, oestrogens are capable of influencing 
the formation of actual bone-tumours Working with an 
inbred strain of mice (Simpson A), m which the incidence of 
spontaneously-arising bone-tumours is 53%, these authors 
observed the effects of subcutaneous implantation of 
oestrogens The strain normally exhibits a sex difference in 
tumour incidence In females 77 % of tumours occur, and 
these arise 21 months earlier than in males, m which there 
is the much lower incidence of 29% Burrows (1945) points 
out that the distribution of these bone-tumours corresponds 
with the graded bone hyperplasias induced m other strains, 
as noted by Zondek (1937) and by Gardner & Pfeiffer 
(1938a, b) Barrett, Dalton, Edwards & Greenstem (1944) 
have described a further inbred strain of mice (C3H) m which 
spontaneous osteogenic sarcomata arise, but bone-tumours 
are relatively rare and the subject requires much further study 
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quantitative point of view it is difficult to compare the 
activity of synthetic substances and naturally-occurring 
hormones in view of the differences m their chemical pro- 
perties It may be said, however, that the synthetic oestrogens 


A NOTE ON THE CARCINOGENIC 
ACTION OF STILBENE DERIVATIVES 

fc. C. DODDS, MVO.F1S 

Courtauld Institute of Biochemistry, Middlesex Hospital, London 

The biological activity of the oestrone analogue dlethyl- 
stilboestrol is now a matter of common knowledge, and it is 
accepted that qualitatively this compound possesses all the 
activities of the naturally-occurrng hormone From the 


FIG I 




The formula of stllboestrol Is arranged to demonstrate its similarity 
to oestrone 

are actually mdre potent than the 
naturally-occumng hormone The 
relationship between the structure of 
a synthetic compound and oestrone 
is shown by the accompanying 
formulae (Fig 1), and stllboestrol 
may be regarded as being related to 
oestrone if the two middle rings of 
this substance are opened 
It must, of course, be realized that 
this is merely a hypothesis, and it 
must be adnutted that the spatial 
resemblance is not so striking if 
models made with tetrahedra for 
carbon atoms are compared 
It was decided to investigate the 
possibility of the application of this 
hypothesis to the carcinogenic hydro- 
carbons The compounds were 
examined by the standard technique 
— painting the skin of mice with a 
0 3 % solution in acetone of the sub- 
stances to be tested It is m teres ting 
to note that neither stllboestrol nor 
hexoestrol nor the parent hydro- 
carbon 4 4'- dihydroxy stilbene 
produced any tumours Stllboestrol, 
howeven was found to be toxic 
when administered by this method, 
as none of the animals survived 
for a period exceeding 3 months, 
and the results therefore cannot be 
regarded as conclusive The results 
of testing a senes of analogues of 
carcinogenic hydrocarbons is shown 
in Fig 2 They show that, so far, 
rt -ethyl-/iJ-sec-butyl-stilbene is the 
only substance possessing carcino- 
genic activity in the senes 
investigated This is, however, 
definite, though feeble 

It is interesting to note 
that Professor Haddow (personal 
communication) investigated 
the activity of a number of 

Continued at foot of page 379 


FIG 2 



378 



EXPERIMENT \L CANCER OF THE BLADDER G M Bonser 


9 73 


EXPERIMENTAL CANCER OF THE 
BLADDER 

GEORGIAN A M BONSER, MD, MRGP 

FstLa; t- C--.icT R_ _-J, L nxersij of Luis 

Experimental investigation ot cancer ol the bladder is ot the 
utmost practical importance as there is still a considerable 
cadence of tnis disease among workers m the aniline d>e 
cc.’-str% Although for half a centurv an association had 
been kno .a to emst between exposure to aromatic amines 
and subsequent development of bladder cancer in humans 
it wa_ not until 1937 that Keeper A. Wolfe commumcated 
to tne American Association of Pathologists a successful 
attempt to induce papillarv vesical lesions of benign and 
m?!. gran t rvpe in female dogs receiving large doses of 
commercial ^-naphthviamine b> mouth 

Scce tms time several other chemicals have been found to 
be carcinogenic to the bladder and a stage has now been 
reacned v. tea a wide field is open for further experimental 
c.estiganon. For not onlv is greater knowledge of the 
ccermcal aspect of the prob'em needed but also investigation 
ot routes of entry and speciea-susceptibility It is not 
manpropnate to state here that vigilance must be exercised 
n accepting as hyperplasias or neoplasms appearances which 
could be due to folding and tangential cutting of a normal 
epitncLai Lining 

L nscccessful or Doubtful Attempts to Induce Bladder Tumours 
in Animals by means of Chemical Products from Dyeworks 

The compounds most frequently tested in the early period 
were aniline u- and i?-naohth>lamme, and benzidine They 
were given either by inhala tion subcutaneous or rntra- 
pentoneal injection surface application or occasionally 
orally with the food. A few attempts were also made with 
suen compounds as phenylene- and toluylene-diamine 
tolmdine, 5-chlo r-a- to luidine, and p-ni tramline The experi- 
mental animals used were the rabbit, mouse, rat and 
guiaea-ptg. 


These experiments have been carefully listed by Hartwell 
(1941) and were discussed by Berenblum & Bonser (1937) 
and by Hueper (1942 p 484 er seq) AU the recorded 
experiments before 1937 (in which the chemical was adminis- 
tered at a site distant from the bladder) were completely 
negative, except those of Schar (1930a, 1930b) and Perlmann 
& Staehler (1932a, 1932b) In the case of the former, although 
the duration of exposure was probably sufficient, the photo- 
micrographs of the tumours were not convincing In the 
case of the latter, the period of exposure was under 12 months 
except in the case of one rabbit and the illustrations were no 
more convincing than those of Schar The rather cauuous 
diagnosis of “ Neubildung fibro-epithelialer Natur ’ by three 
German pathologists who examined the sections indepen- 
dently tends to confirm this scepticism The experiments of 
Berenblum & Bonser (1937) were of long duration and quite 
unsuccessful Those of the workers at the Cancer Hospital 
Research Institute, London were varied and thorough 
though the exact duration is not stated in the reports Writing 
m 1929 Leitch records 

‘ For the last seven years expenments have constantly been 
going on with scores of chemical products from dye works 
administered by inhalation, ingestion or surface application to 
several thousands of animals and when the animals have died 
a minute examination of the urinary system has been made but 
no sign of neoplasia has been afforded The solution of the 
problem would be welcome, for until the particular noxious 
substance or group of substances is known, no real measures can 
be taken to prevent dyeworkers cancer ’ 

la 1940 Monganu and Nishimura claimed to have induced 
bladder papillomatosis m rabbits and rats by means of 
subcutaneous injection of an oily solution of o-toluidme 
In guinea-pigs similarly treated where the mortality was high 
m the early part of the experiment the early changes were 
seen but the animals did not live long enough to develop 
papillomas No illustrations were given and the histological 
descriptions were very inadequate Nagayo & Kinosita 
(1940) stated that when u-naphthylamme was injected 
subcutaneously into rabbits guinea-pigs and rats papillomas 
of the bladder occurred Kinosita (1940), apparently 
referring to the same experiments mentions the papilloma- 
tosis of the bladder in guinea-pigs although so far no 
advanced tumour has been obtained ” No details are given 
of these expenments and in view of the failure of other 
workers when using this compound they await confirmation. 

Rather different in scope were the expenments of Yamazaki 
& Sato (1937 quoted by Hueper 1942 p 489) A watery 
solution of aniline (1 %) was injected daily over an extended 


CARCINOGENIC ACTION OF ST1LBENE DERIVATIVES 
Continued fieri page 373 

these, compounds with regard to their power to inhibit the 
growth of the Walker rat-carctno-sarcoma 256 In doses of up 
to 50 m 3 compounds 786 795, and 851 were completely inactive 
Compounds 616, 772 in 100 mg doses produced extremely slight 
inhibition whilst 50 mg of compound 810 produced slight but 
definite inhibition . , 

In conclusion it would appear that these substances have little 
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interest from the point of view of experimental cancer produc- 
tion, smee the experimenter has the choice of a large number of 
compounds of an infinitely greater potency The interest in 
them is therefore purely theoretical in that it does seem to 
support the hypothesis that simple analogues can be prepared 
for a number of the complex condensed carbon-nng compounds 
including the carcinogens 
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period into the bladders of 30 male rabbits, of which 12 
showed vesical papillomas following 13 to 362 days of 
treatment The papillomas were described as being situated 
at the apex of the organ, were stalked and covered with 
stratified epithelium As several of the papillomas appeared 
after 13 days of treatment, the question must be asked as to 
whether these were true neoplasms 

[ Induction of Bladder Tumours in Dogs by means of 
j3-naphthylamine 

Hueper, Wiley & Wolfe (1938) produced papillomatosis 
and carcinomatosis of the bladder in female dogs by daily 
subcutaneous and oral administration of commercial 
£-naphthylamine (from 300-450 mg daily in capsules) for 
from 20 to 32 months The lesions observed by cystoscopy 
and subsequent histological examination of the bladders of 
12 of the 16 dogs thus treated were identical with those seen 
by these authors in similar examinations of dyevvorkers 
The tumours continued to grow and become more numerous 
in some of the dogs after discontinuation of the treatment 
during the last 6 months of observation, while in one dog 
the first neoplasms in the bladder were noted several months 
after cessation of exposure Although in none of the five dogs 
which had been killed up to the tune of wntmg (Hueper, 
1942, p 486) was any metastatic deposit found at autopsy, 
in one dog there was malignant penetration into the subserosa 
of the vesical wall 

Bonser (1943) gave specially purified /3-naphthylamine 1 by 
mouth to one female and three male dogs over a period of 
5 years At first, a daily dose of 150 mg was not well 
tolerated and was reduced to 100 mg , but after a year the 
dose was increased to 700 mg dady A graded series of 
changes was observed m the bladder epithelium of one female 
and two male dogs which were treated for 3§, 4J and 5 years 
respectively The changes ranged from simple hyperplasia 
to anaplastic carcinoma with infiltration of the smooth 
muscle of the vesical wall and permeation of lymph-vessels 
Metastases did not occur The renal pelves, ureters and 
urethra were free from tumours There was evidence that 
the tumours had been present for some considerable time 
before death 

The advance of knowledge achieved by these experiments 
is considerable The dog has been proved to be a suitable, 
though cumbersome and expensive, experimental animal 
One chemical in great use in the dye industry has been found 
to be carcinogenic Controversy as to whether jS-naphthyl- 
amine itself or an impurity present m the commercial product 
is the active agent is virtually ended, for with the methods of 
purification used in Bonser’s experiment, the amount of 
impurity administered to the dogs compared with the amount 
of / 3 -naphthylamine administered daily (700 mg ) must have 
been very small indeed 

Certain other facts already well-known in relation to the 
industrial disease have been confirmed experimentally, 
namely that a long induction period is necessary, that 
latent tumours may be present before clinical signs occur, 
that tumours may arise after the cessation of exposure and 
that local invasion is common but metastases are rare The 
successful experiments ha\e also afforded an insight into the 
reasons for previous failures The large dosage required, the 

1 The to-hsi-al product used in the d>e industry was distilled In \acuo and the 
djtdlite cr> stolUied from petroleum ether (melting point, 110-113* CO Thus, 
while it cannot be maintained that traces of associated substances v. ere not 
r'cs-nt it -ccma likely Uu the product was nmsonably pure Tests for the 
piexo-c of i^i-dinjpbihylamire we e regatise 


long duration of administration and the choice of a suitable 
experimental animal were among the conditions usually not 
fulfilled m the earlier trials 

An urgent need at this stage is to find a small animal 
susceptible to this group of compounds In view of the fact 
that a high incidence of bladder tumours can be induced m 
CBAmice with 2-acetylanunofluorene (see below), Armstrong, 
Bonser & Stickland (unpublished observation) have attempted 
to induce bladder cancers m mice of this strain with pure 
^-naphthylamme administered by stomach-tube and m con- 
junction with various modifications of the diet After an 
experimental period of 18 months or more (i e a period long 
enough for the development of 2-acetylaminofluorene 
bladder tumours in mice), the results have been disap- 
pointingly negative It seems unlikely that four other strains 
of mice kept in the laboratory will yield more successful 
results 

The reasons for the species-differences are at present 
unknown Such factors as the pH of the urine, habits of 
urination, and different modes of metabolic degradation of 
the compound by the liver have been discussed, without a 
satisfactory conclusion The relative freedom of the rest 
of the urinary tract, excluding the bladder, from both the 
experimental and the industrial disease, is an extraordinary 
observation which has not yet been explained 

The mechanism by which the tumours are produced also 
requires further investigation It seems possible that meta- 
bolites, rather than /Lnaphthylamme per se, may be the 
actual carcinogenic agents involved, but this suggestion is 
based on theoretical conceptions only Various attempts to 
isolate metabolites from the urine of the workers or from 
treated dogs have led to equivocal results A summary of 
possible causative mechanisms is given by Hueper (1942, 
p 490 et seq ) 


Induction of Bladder Tumours in Rats and Mice by means of 
2-acetyJaminofluorene 

In 1941, Wilson, DeEds & Cox described the carcinogenic 
activity of 2-acetylammofluorene when fed to highly inbred 
albmo rats derived from the Slonaker Colony Although 
malignant tumours were found in a number of organs, 
including the liver, pancreas, lung, ductus acusticus, breast 
and colon, the site of election was the urinary tract Of 39 
rats, treated for 95 days or more, 10 developed carcinoma of 
the bladder In one of these there was also a carcinoma of 
the ureter and in another a carcinoma of the renal pelvis 
Varying degrees of epithelial hyperplasia of the bladder and 
renal pelvis were noted, associated sometimes with squamous 
metaplasia and keratmization Cessation of treatment at 
95 days, followed by death at 266 days, resulted in the finding 
of a bladder carcinoma in one animal 

By contrast, Bielschowsky (1944), using albmo rats, the 
descendants of Wistar rats, failed to find any bladder tumours 
in 104 animals adequately treated with the same compound 
A high incidence of malignant tumours of liver, breast, 
ductus acusticus, intestine, uterus and skin was, nevertheless, 
obtained 

Armstrong & Bonser (1944) administered thrice weekly 
an oily suspension of 2-acetylammofluorene by stomach- 
tube to mice of the CBA strain These mice have an agouti 
coat, are very highly inbred, and are free from breast cancer 
Of six mice which survived an adequate period of treatment 
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(53 to 65 weeks), one developed benign vesical papillomatosis 
and four malignant changes in the bladder epithelium Liver 
and uterine tumours were also observed 

In view of the strain differences observed in rats, it seemed 
important to treat various strains of mice with a view to 
finding the one most suitable for this type of experiment 
Armstrong, Bonser & Stickland (unpublished observation) 
therefore treated mice of five strains (including the CBA strain 
originally tested) as described above Although bladder 
papillomatosis and malignant tumours were seen in all the 
strains tested, CBA was the most susceptible, 14 of 18 mice' 
treated for 20 weeks or more showing bladder tumours, of 
which 86% were malignant. The strains could be arranged in 
descending order of susceptibility, the incidence of bladder 
papillomatosis ranging from 78% to 22% 

Induction of Bladder Tumours by means of Azo Compounds 

Not only the aromatic amines (1 e dye intermediates), but 
also the finished products, may cause bladder tumours m 
animals when given orally Yoshida (1935) described bladder 
papillomas in 36 of 168 rats which survived 100 days or more 
of feeding with o-aminoazotoluol. In one rat there was 
a squamous carcinoma of the bladder and of the distal end 
of the nght ureter The photomicrographs are convincing, 
and 40 control animals showed no such changes, nor were 
parasites found m the tumour tissue or neighbourhood 
Mention of this fact is necessary in assessing the origin of the 
bladder tumours m rats, which are commonly infested with 
a worm ( Tnchosomoides crassicauda), which lodges in the 
bladder epithelium and causes benign papillomatosis of 
that organ. 

In the following year Otsuka & Nagao (1936) described 
bladder papillomas in 13 of 30 white rats fed with 
om'-dimethylazo benzol The authors noted down- 

growth of epithelium into the subepithellal tissues and 
spmdle-cell anaplasia but did not claim that any of the 
changes were actually malignant, although the low-power 
photomicrographs are suggestive Kinosita (1940) 
states that Nagao also produced bladder papillomas m rats 
with 4'-oxy-2 3'-dimethylazobenzol and that Nagao & 
Nashimoto were successful with 4'-acetoxy-2 3'-dimethyl- 
azobenzol and 4'-carbomethoxy-2 3'-dimethylazobenzol 
These two latter substances were stated to be weaker than 
the other azobenzol compounds No experimental details 
are given 

Strombeck (1946) gave an oily solution of azotoluene by 
mouth to two groups of white rats , one group received an 
adequate diet but the other was fed on rice-flour and carrot, 
with consequent severe loss of weight Although the 
adequately-fed group survived considerably longer than the 
other group (an average of 312 compared with 151 days), the 
bladders were normal, whereas of seven survivors of the nce- 
flour group, three showed metaplasia of the vesical epithelium 
with hyperkeratosis, three showed marked papillomatosis, and 
one hyperkeratosis with great epithelial proliferation but no 
real papillomas Twenty per cent, of this group showed 
stones in the bladder 

The azo compounds have been very extensively used in the 
experimental investigation of cancer of the liver but bo 
reference has been found to the production of bladder 
tumours by workers other than the Japanese In view of 
Strombeck’s experiments, the diet of unpolished nee seems 
to have been an important factor in the production of the 
tumours Strain differences may also have been concerned. 


Cook, Hewett, Kennaway & Kennaway (1940) reported that 
1 2'-azonaphthalene produced peculiar changes in the 
bladder of mice, but that no tumours were obtained These 
changes were not seen in mice treated with a large senes of 
closely related compounds 

Attempts to Demonstrate Carcinogenic Constituents in the 
Urine of Men and Dogs exposed to Aromatic Amin es 
Berenblum & Bonser (1937) collected 50 1 of unne from 
workmen employed m a dye factory in which cases of bladder 
cancer had previously been reported Three types of urinary 
extract were painted twice per week on the skin of 170 mice 
Painting was contmued for periods ranging from 18 to 40 
weeks, and no tumours were obtained Bonser (unpublished 
observation) and Hueper (1942, p 486) repeated this experi- 
ment, using extracts of unne from dogs under treatment with 
/3-naphthylamme, with the same negative results Of the 
possible causes of failure, the following may be mentioned 
the methods of extraction may have been unsuitable and the 
substances which produce tumours of the bladder may not 
be carcinogenic to the skill or may not have been present 
m sufficient quantity to produce the carcinogenic effect 
In this connexion, an experiment of Strombeck (1946) may 
be mentioned In an attempt to discover whether the 
carcinogen acts directly on the bladder epithelium by its 
presence in the urine, this author transplanted a piece of 
bladder-wall (about a third of the organ) to the liver m 
18 rats and subsequently fed the animals on a diet of nce- 
flour and azotoluene Nine animals which survived 40 to 
95 days of treatment showed metaplasia of the bladder 
epithelium, while four treated for longer periods showed 
papillomatosis as well Seventy per cent had stones in the 
bladder In 16 of the 18 animals the bladder transplant 
survived and showed a vital, well-vascularized bladder-wall 
lined by low transitional epithelium and devoid of either 
metaplasia or papillomas Among the 16 rats with a normal 
transplanted mucosa, there were three with papillomas and 
nine with hyperkeratosis in the rest of the unnary bladder 
From these results the author concluded that the tumours 
were urogenous rather than haematogenous m origin 
Apart from its value in relation to the dye industry the 
experimental investigation of cancer of the bladder seems 
likely to provide an important link m the investigation of the 
cause of cancer in general As pointed out by Bielschowsky 
(1946), the three aromatic amines 2-naphthylamme, 2-amrno- 
fiuorene and 2-anthramme have been found to induce distant 
tumours the first of the bladder, the second of the bladder 
and a number of other organs and the third of the skin 
caecum, ductus acusticus and liver but not of the bladder 
in the mice and rats so far tested. The carcinogenic aromatic 
amines are substances of relatively simple structure and the 
relationship between chemical structure and biological 
activity is fairly close Thus they are specially suited for the 
study of carcinogenesis The discovery of Cook et al (1940) 
that 1 2'-azonaphthalene exerts an unusual effect upon the 
bladder and is an intermediary between 2-naphthylamme 
and 1 2 5 6-dibenzcarbazole, which is carcinogenic to the 
sVm (Boyland & Brues, 1937) opens up another line of 
investigation It has only recently been realized how com- 
plicated are the factors of species, strain and diet m con- 
ducting these experiments Tnals of various species and 
strains add greatly to the labour involved but are essential 
if progress is to be made 

Continued at foot of page 337 
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The great majority of the many carcinogenic substances of 
known constitution act at the site of application, and the 
compounds producing distant tumours induce carcinogenesis 
generally in one organ only Fresh experimental possibilities 
were opened up when Wilson, DeEds & Cox described the 
carcinogenic action of 2-acetylammofluorene (AAF) in 
1941, introducing into cancer research an unusually versatile 
agent capable of producing neoplasms in many organs of 
every species which has been tested Owing to 4 years of 
war, only a few papers dealing with AAF have been published 
but more can be expected in the near future From the 
proceedings of medical societies and from preliminary reports 
published during the first 6 months of this year, it appears 
that several groups of research workers m Britain, as well 
as in the U S A , are actively engaged m the investigation of 
this carcinogen Some of this material, the details of which 
have still to be published, and some of my own unpublished 
experiments have been included in this survey m order to 
make the account as comprehensive as possible My sincere 
thanks are due to Drs G M Bonser, H E Harding and 
E Vazquez-Lopez for their generosity and their help which 
enabled me to include some of their unpublished results 
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Chemical Configuration and Carcinogenic Activity 
2-Aminofluorenc (I) is an aromatic amine chemically 
related to two other carcinogenic ammo-compounds 
2-naphthylamme (II) and 2-anthramme (III) 

Ammofiuorene is easily obtainable by nitration and con- 
secutive reduction from the non-carcinogemc hydrocarbon 
fluorene Its mono-acetyl-denvative is generally described 
as 2-acetylammofluorene, but the term 2-acetamido- 
fluorene is more in conformity with the nomenclature adopted 
by British chemists No reference will be made to dibenz- 
fluorene and related compounds, belonging to the group ot 
carcinogenic hydrocarbons, but only to fluorene compounds 
closely related to AAF Of these, 2-hydroxy, 2-chloro (Wilson 
& DeEds, 1946), 2-amino and 2-mtrofluorene have been 
tested adequately, and the last two substances have been found 
to be carcinogens Nitrofluorene is readily reduced m vivo and 
m vitro to the amino-compound , the acetyl-group of AAF is 
easily hydrolyzable, and it seems unlikely that this group is of 
biological importance One can therefore assume that the 
ammo-group in the 2-position is essential for the carcinogenic 
activity The importance of the 2-position becomes obvious 
when it is remembered that 2-ammonaphthalene (2-naph- 
thylamme) and 2-ammoanthracene (2-anthramme) are 
carcinogens, whereas their isomers seem to be void of 
tumour-produemg activity 

Metabolism of 2-ammofluorene and AAF 
Westfall (1945) described methods for the estimation of 
2-mtro-, 2-ammo- and 2-acetylammofluorene in biological 
material He studied the fate of a solution of 2-amino- 
fluorene injected into the subcutaneous tissue of a rabbit, 
and found only traces of the amine m the urine A con- 
jugated ammo-compound was present in plasma and many 
organs, as well as in urine and bile From this observation 
he concluded that ammofiuorene was as rapidly conjugated 
as it was absorbed Westfall mentioned that approximately 
10% of the dose administered was excreted with the urine 
“ m a combined form, that is more soluble than either 
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ammo- or acctylamino-fluorenc ’ Biclschowsky (1945a) 
isolated from rat urino a metabolite which could be identi- 
fied as 2-acetyl-7-hydro\yfiuorcnc The solubility of this 
substance in water is similar to that of Westfall’s conjugated 
water-soluble compound 2 - Acetylamino - 7 - hydroxy - 
fluorcne can bo distinguished from AAF by its colour- 
reaction with mtnte, but after previous hydrolysis and 
diazotation it gives a weak colour-reaction when R salt is 
used as the coupling reagent. Recently Westfall <£. Moms 
(1946) extended their studies to rats They found also m this 
species evidence for the presence of a conjugated water- 
soluble derivative in the unne after feeding of AAF 

The metabolite has been tested for carcinogenic activity by 
the writer Five male albino rats received per os an amount 
of 2 acetyIamino-7-hydro\yfluorene equimolecular to a 
dose of AAF, which produced malignant tumours m 42 or 
less weeks in more than 90% of animals of the same strain 
No cancers were found at the termination of the experiment 
after 63 wrecks 

Range of Activity 

AAF incorporated in the diet has been found to be carcino- 
genic for 4 different species, the rat (Wilson DeEds <5. Cox 
1941) the mouse (Armstrong <S. Bonser, 1944) the fowl 
(Biclschowsky & Green 1945) and the cat (Harding in press) 
Most of the published work has been done with rodents and, 
as in other lines of cancer research, the use of inbred strains 
has already proved to be of advantage A forthcoming paper 
of Armstrong Bonser &. Stickland will give the results 
obtained in 5 pure strains of mice Biclschowsky (1946b) 
gives the distribution of tumours induced by AAF in 2 
inbred strains of rats 

Dosage for Rats 1 

Wilson et al (1941) and DeEds & Wilson (1946) studied 
the effects obtained by various concentrations of AAF given 
to rats by mouth The minimal effective concen- 
tration of AAF in the diet was found to be 0 004% , the 
maximal tolerated, to be 0 125 % This latter dose produced 
tumours in a remarkably short tune, but the mortality was 
very high In my experience a daily dose of 4 mg given for 
25 weeks induced cancers in more than 90% of the a n i m als 
m 42 or less weeks, when rats of age 6-8 weeks were used 
Reduction of this amount to 1 mg daily per rat was accom- 
panied by a considerable delay in the appearance of macro- 
scopic tumours The diet used in my experiments consisted 
of dry powdered bread and skimmed milk, supplemented by 
cod-liver oil and vegetables As long as synthetic diets are 
not used, it is difficult to compare the data obtained in 
different laboratories, but all the available information 
suggests that the length of time during which the carcinogen 
is administered is more important than the absolute amount 
of AAF given. 

Tumours Induced by AAF 

The great majority of the neoplasms induced by AAF have 
been benign or malignant tumours of epithelial origin 
Leukaemias have been ob tain ed in rats in a few instances 
Mesothehal tumours were rarer still In my material of more 
*Lan 500 rats, only one sarcoma was found, which like the 
fibromyoma and the sarcoma seen by Armstrong Bonser 
end Stickland in mice, ori gina ted in the uterus The single 
MJcoma described by Wilson DeEds & Cox arose probably 
from skeletal muscle , a leiomyoma of the internal muscles 
of the eye was seen in one of my rats Vazquez-Lopez (1945) 


obtained one glioma in an albino rat, the first case of a malig- 
nant neoplasm of the central nervous system produced by a 
carcinogen administered with the food There can be no 
doubt, therefore, that epithelial cells are much more suscep- 
tible to the action of AAF than mesenchymal elements or the 
cells of the nervous system The number of tissues in which 
neoplasms have been found is astonishing The following 
list shows the tumours of epithelial origin so far obtained 
Head squamous keratinizing carcinomata of the ductus 
acusticus extemus, carcinomata of the eyelid and of the 
retrobulbar tissue Most of these tumours originated from 
glandular structures 

Neck adenocarcinomata of the thyroid m mice and rats 
Malignant tumours of this organ could be obtained in rats 
only in stimulated, hyperplastic thyroids 
Skin 3 basal-cell carcinomata all situated on the back 
were found in albino rats 

Breast mammary cancer was one of the most frequent 
tumours seen in the females in our strain of Wistar rats, but 
was rarely found in the males of this strain. Only one of 
25 females of an mbred strain of piebald rats developed this 
type of tumour The Leeds workers obtained mammary 
cancers in 2 low breast-cancer strains of mice, the incidence 
being higher in IF than m CBA mice 
Thorax simple adenomata and metastasizing cancers of 
the lung have been found in rats In cats the lungs contained 
multiple foci where the cells lining the alveoli had undergone 
metaplastic changes and there were macroscopic nodule., 
in which the normal lung tissue was replaced by squamous 
keratmizmg epithelium. 

Abdomen tumours of most organs situated in the 
abdomen have been obtained Benign and malignant 
neoplasms of the liver were the most frequent and have been 
found in rats mice and cats Tumours of the bladder or 
kidney have been found m all 4 species tested for suscep- 
tibility to AAF Cancers of the small intestine, of the colon 
and of the pancreas were rarer Simple papillomata of the 
stomach have been seen in mice on 4 occasions and carcino- 
mata of the uterus have been found m rats and mice One 
cancer of a seminal vesicle has been observed in a rat. All 
data referring to tumours of cats are due to the courtesy of 
Dr Harding, and the data on mouse tumours to the courtesy 
of Dr Bonser 

Mammary Cancers 

As already mentioned the mammary glands of rats and 
of low breast-cancer strains of mice have been found suscep- 
tible to the carcinogenic action of AAF Neither this sub- 
stance nor the metabolite isolated from the unne of 1 rats 
produced oestrus in rats in doses up to 100 mg but it has 
been shown that the presence of the ovanes is of great 
importance for the development of mammary cancers 
Only one of 20 female albino rats spayed at the age of 4-5 
weeks, and then fed a diet containing AAF was seen to 
develop a tumour of the breast 
Neither the removal of one ovary and one suprarenal nor 
subtotal thyroidectomy lowered significantly the incidence 
of mammary cancer in the albino strain of rats probably 
because of the compensatory hypertrophy of the remaining 
glandular tissue In albino males the incidence of breast 
cancer was below 10% m contrast with an incidence of 
60-70% in the females Preliminary results seem to indicate 
that this strain was also more susceptible to the carcinogenic 
action of stilboestrol than our piebald rats m which mammary 
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cancer was rarely produced by AAF Such findings are 
suggestive of a genetically conditioned difference in suscep- 
tibility of the breast glands to sex hormones 3 

There is, however, evidence forthcoming that other factors 
have also to be considered It was found that the incidence 
of mammary cancer in the females of the susceptible albino 
strain became low when, instead of immature animals, rats 
of age 6-12 months were used Such animals tended to 
become anoestrous after a few weeks’ administration of AAF 
However, in the few females which were 6 months old at the 
start of the experiment, no mammary cancers developed 
despite the persistence of a fairly normal cycle throughout 
the experiment 

It seems therefore that not only the genetic constitution 
but also the age of the animal are important factors in the 
pathogenesis of these neoplasms Once the mammary 
cancers were established, the presence of the ovaries was of 
little importance Six rats were spayed at a time when the 
breast tumours became just palpable in every case the 
neoplasms continued to grow Female albino rats which 
had received AAF from the 6th to the 30th week of their life 
could be successfully mated to produce litters which they 
were able to nurse, despite the presence of macroscopic 
tumours When breast-cancer-bearing albinos became 
pregnant, the growth-rate of these tumours seemed to be 
increased During lactation, however, further growth was 
not only frequently arrested, but in many instances, when the 
cancers were still of relatively small size (about 1 cm 
diameter), regressive changes took place, leading in 2 cases 
to an apparent disappearance of the tumour However, m 
every case observed, tumour growth was resumed once the 
offspring had been weaned Mammary cancers which had 
already reached a large size at the beginning of gestation 
did not regress 

Arrest of tumour growth during lactation has been seen 
by Haddow (1938) and others in females of high breast- 
cancer strain of mice This phenomenon is still without 
adequate explanation No effects were observed when 
lactogemc hormone was injected into rats bearing trans- 
planted adenocarcinomata of the breast Histologically 
nearly all the AAF-induced tumours of the breast were 
adenocarcinomata Benign tumours of the mammary gland 
have been found only twice in my material Invasion of 
the muscle and metastases occurred only when the tumours 
had reached a considerable size Smaller tumours were 
fairly solid, containing only microscopic cysts, arising from 
dilated ducts or alveoli In the larger tumours, cysts produced 
by central necrosis or haemorrhage were common. Malignant 
intraductal papillomata seemed to occur more frequently than 
in high breast-cancer strains of mice Squamous metaplasia 
occurred only rarely, and neoplasms with a scirrhous 
structure were infrequent too (Bielschowsky, 1944a, and 
unpublished results ) 

Cancers of the Thyroid and Pituitary 

Malignant tumours of these endocrine glands have been 
obtained in rats by combining the administration of AAF 
with intense hormonal stunulation. In several hundred rats 
of both sexes which received an effective dose of AAF, not 
a single tumour arising from cells with internal secretion has 
been found, but when animals received with the carcinogen 

» HLc/crcacc ihouM -1U0 be cvule to a revie * of the seccttcs of cancer by 
G M Bonder (8M3 376) — Ed] 


a goitre-producing agent (as allyl-thiourea or sulp^aguanidme* 
which stimulate the thyroid by means of i he/ thyrotropic 
hormone) malignant neoplasms of this gland were obtained 
Cancers of the thyroid could not be produced it either agent 
was given alone for a similar period and in similar amount 
Benign multiple adenomata of the thyroid could be produced 
when AAF and allyl-thiourea were given simultaneously 
(Bielschowsky, 1944b), or by the successive feeding of the 
carcinogen and the goitrogen (Bielschowsky, 1945b) When 
the order was reversed, allyl-thiourea bemg given first for 
18 weeks and an effective dose of AAF afterwards, only 
single adenomata were found Most of these were larger, 
but not essentially different from the single adenomata 
occurring m Wistar rats after prolonged administration of 
allyl-thiourea 

Vazquez-Lopez (unpublished results) succeeded m 
producing malignant tumours of the pituitary by the com- 
bined action of stilboestrol and AAF The extraordinary 
hyperplasia of the anterior lobe of the pituitary produced by 
natural or synthetic oestrogens in the rat has been described 
by many workers, but invasion of the brain has never been 
found to occur in this species after hormonal stunulation 
Two of 12 rats mto which pellets of stilboestrol had been 
implanted first, and which then received AAF by mouth, 
developed tumours of the pituitary which invaded the brain 
These findings of Vazquez-Lopez indicate that AAF was able 
to produce malignancy in the hyperplastic pituitary 

Tumours of the Liver 

In rats, mice and cats, malignant neoplasms of the liver 
have been produced In rats they were very similar, both 
macro- and microscopically, to the cancers induced by 
dimethylaminoazobenzene The influence of dietetic 
factors on the development of these neoplasms is still under 
investigation, and no conclusive results have been published 
so far My own impression is that it seems more difficult 
to inhibit carcinogenesis induced by AAF in the liver than 
that induced by dimethylaminoazobenzene It might be 
pointed out that the frequent occurrence of tumours arising 
m different organs after the feeding of AAF offers certain 
experimental advantages It is not yet certain whether the 
dietetic factors which inhibit the development of hepatomas 
induced by the carcinogenic azo-compounds specifically 
protect the liver, or whether they are true anticarcinogens 

Carcinogenic Action of 2-Anthranune 

Of the carcinogenic aromatic amines chemically related 
to aminofluorene, only the anthramines will be included in 
this article Two of the 3 isomeric aminoanthracenes, the 
2- and 9-compounds, have been tested so far, the 1-anthra- 
mine bemg still under investigation. The 9-anthramine was 
found to be inactive (Bielschowsky, 1946) The carcmogemc 
activity of 2-anthramine was discovered by Shear (1938), who 
found that subcutaneous injection of a saturated solution of 
2-anthramine m lard filtrate produced multiple hepatomas in 
“ market ” albino female mice Males of the A strain were 
not affected 

Details of Shear’s experiments were included m a recent 
paper (Bielschowsky, 1946a), which described the effects of 
2-anthramine m 2 strains of rats, the skin of which was 
painted with a solution of this substance in acetone It was 
found thdt 3 different types of tumours of the skin developed 

Continued at foot of page 385 
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The production of carcinoma of the li\ cr by an azo compound 
was first announced by Yoshida in 1932 and a detailed 
description was published by Sasaki <S- Yoshida (1935) In 
these experiments oaminoazotolucnc (4'-amino-2 3'-azo- 
toluene) was the substance used, and the tumours occurred 
in rats They were shown to be transplantable within the 
same species (Iikubo 1935) The observation was confirmed 
by numerous workers and positive results were also obtained 
m mice amongst others by Shear (1937) who gives a con- 
venient review of the history of the earlier work which 
followed Fischer-NVasels’ demonstration of the cell growth- 
stimulating properties of scarlet red 
It was later shown that p-dimethylaminoazobenzene 
(butter yellow , dimethyl yellow) was more rapidly effective 
in rats (Ktnosna 1937), though at that time success was not 
obtained with other species Many other related compounds 
were tried and the position at different times is summarized 
in the reviews of Cook & Kennaway (1938 , 1940) Hartwell 
(1941) gives a list of azo compounds which had been tested 
for carcinogenic activity up to that date , positive results 
had been obtained with acctyl-o-aminoazo toluene (uncon- 
firmed by some workers) diacctyl-o-ammoazotoluenc methyl 
red 4-oxalylamino-2 3 '-dimcthylazobenzene and 4'-suc- 
cinoyIamino-2 3 '-dimethylaminoazobenzene but none of 
these appears to have been as potent as o-ammoazotoluene 
and p-dimethylannnoazobenzene 


Since Hartwell s symposium the following have been found 
active m'-methyl-p dimethylammoazobenzene 54 , p-mono- 
methylammoazobenzene 31 **, o'-methyl p-dimethylaminoazo- 
benzene* 4 , p'-methyl-p-dimethylammoazobenzene 14 4l , p-amt- 
noazobenzene”, 4'-methyl-4-aminoazobenzene J4 , 2 4' d^ 

methyl-4-A r -dimethylaminoazobenzene 41 and 4'-hydroxy-2 f- 
azotoluene M , m approximately descending order of potency, the 
second substance being comparable with p-dimethylammo- 
azobenzene Interest has naturally been aroused in the 
possibility that azo dyes used in colouring foodstuffs might 
be carcinogenic but investigations in this direction have so 
far proved negative’ 44 

Cook Hewett Kennaway & Kennaway (1940) tested a 
group of azo compounds of less closely related chemical 
structure, and found that 2 2 -azonaphthalene and its 
reduction-product 2 2'-diamino-l l'-dinaphthyl induced 
new growth mostly of cholangiomatous type, in the livers of 
mice while 1 l'-azonaphthalene had very little such action 
and 1 2'-azonaphthalene appeared to be inactive 

Up to the present, however, the substances on which the 
most detailed investigations have been made are o-anuno- 
azotoluene (AAT) and p-dimethylaminoazobenzene (DMAB), 
and it is with these that we shaU be mainly concerned J 


Species and Strains 

AAT gives rise to liver tumours in rats and mice It 
produces cirrhosis but not tumours m rabbits” DMAB is 
more rapidly effective than AAT in rats, but has a very low 
potency for mice, though it is not quite inert” * , no success 
has been reported with other species 

Law (1941) found that AAT hepatoma in mice was more 
readily produced mthe Dba strain than in the C57 strain 
Andervont and his collaborators 4 ” found that AAT 
injected as a solution in olive oil or as a sus^nsionm glycerol 
or added to the food, was much more effective in females 
than in males for various pure strains and hybrids tested. 

Effects of Diet 

Much work has been done on the mcrease or reducUon in 
incidence of tumours (usually m rats) resulting from e 
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after prolonged painting The most malignant of these were 
spindle-cell tumours which could be easily transplanted 
Histologically they resembled sarcomata Besides the p 
cells, mono- and polynuclear giant cells were present, and 
an argentophile reticulum The smaller tumours of thi type 
were covered by an intact and hyperplasUc epidermis a 
carcinomata were found 3 times in albino and once in P 
rats Papillomata, similar to the so-called warts produ i y 

carcinogenic hydrocarbons in mice, were seen in bom 
The skin of the Wistar rats seemed to be more susceptibi , 
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presence in the food of various factors. It is not easy to 
interpret the results which have been obtained Much seems 
to depend on the time chosen to terminate the experiment and 
assemble the data When tumours begin to occur there is 
a tendency for a considerable number to appear within a 
short space, so that a few weeks may make the difference 
between an apparently significant result and a negative one. 
Some workers have tried to avoid this source of error by 
doing preliminary laparotomies and killing the animals at 
a later date Another difficulty is the not infrequent doubt 
as to whether a given lesion is a tumour or not, to which 
Stewart (1941) has referred, and which may lead to appre- 
ciable error in interpretation, especially in a small experiment 

It seems, however, to be established that the addition of 
liver to the diet inhibits production of hver cancer by both 
AAT and DMAB 13 30 3a 34 58 Of various animal tissues 
tested, kidney was the only other dietary supplement having 
this'^ffect 39 

Amongst the cereals, rice appears to favour the production 
of tumours Maisin, Pourbaix & Cuveher (1939) claimed to 
have prevented the development of cancer by the use of a diet 
of ryei the one DMAB tumour seen after 220 days in 148 
rats having been associated with Taenia crassicollts (a carcino- 
genic tapeworm), but it now seems possible that this may 
have been a delay rather than prevention, m view of the 
results of Ando (1940 , 1941) with wheat. The latter also 
failed to\get tumours with barley, but survival of animals 
was poor Morigami & Kasiwabara (1941) observed no 
cancers in millet-fed rats treated with DMAB when all 
rice-fed controls showed cancer, but here again a delaying 
effect cannot be excluded, as their experiment ended at 
165 days Orr (1940) observed no difference m the incidence 
of tumours in rats fed on mixed wheat, maizb and oats, as 
compared with those fed on unpolished rice A very striking 
inhibition was obtained by Vassiliadis (1940) with wheat 
flour, no AAT tumours having appeared after 2 years , this 
protection by wheat flour persisted even if there was rice in 
the diet It seems possible that wheat flour may offer greater 
protection than the whole gram, as Orr & Stickland (1941) 
failed to obtain tumours with DMAB after 15 months, using 
a diet of bread It has been stated by Opie (1944a), who 
gives a good account of previous dietary investigations, that 
the presence of rice m the diet actively favours carcino- 
genesis, notwithstanding other constituents The adjuvant 
effect of rice i has been attributed to an antioxidant which 
preserves the aye in the diet and intestine 17 

Yeast delays the appearance of cancer and cirrhosis, but 
the magnitude of the effect described vanes with different 
groups of observers* 3 37 3 ‘ Sugiura & Rhoads (1942), who 
had claimed (1941) that 15% of brewer’s yeast m the diet 
completely inhibited the production of cancer and cirrhosis 
by DMAB, found that cirrhosis which had already developed 
could be successfully treated with a rice diet containing 15% 
of yeast , this observation does not appear to have been 
confirmed The effect of yeast, and to a lesser degree that of 
rice-bran, has naturally led to numerous investigations of the 
vitamin-B factors 

NakaJiara, Mon & Fujiwara (1939) found no effect from 
various vitamin-B factors given separately or together 
Miner. Miller, Baumann & Rusch (1943) earned out a 
systematic experiment with highly purified diets, in which the 
amounts of nboflavin, thiamin, pyridoxin, pantothenate, 
nicotinic acid and choline were varied. When all B vita min*. 
were fed in moderate amounts adequate for maintenance, the 


incidence of tumours was low , when all were raised to a 
much higher level, the tumour incidence was substantially 
increased. When each vitamin was reduced in turn, the 
others bemg kept at the high level, it was found that the 
incidence of tumours was greatly lowered when pyridoxin 
was reduced or omitted. Large amounts of pyridoxin fed to 
resistant fats tended to increase the incidence of tumours 
Large amounts of riboflavin completely prevented tumours, 
during the period of the experiment, m rats receiving only 
12% of casern m the diet An inhibitory effect by riboflavin 
has also been found by others 33 3 33 , though the effect appears 
to be a small one, and according to Kensler, Sugiura, Young, 
Halter & Rhoads (1941), depends on the simultaneous 
presence of adequate casein Kline (1943) found that 
p-aminobenzoic acid reduced the incidence of cirrhosis but 
not of cancer Guamdoacetic acid, nicotinamide, and 
choline did not alter the incidence of cancer (Miller & 
Baumann, 1946) 

Opie (1944a) found that fat m the diet accelerated the 
appearance of hepatic tumours, though Nakahara et at 
(1939b) had observed no effect with added butter Miller, 
Kline, Rusch & Baumann (1944) showed that the substitu- 
tion of hydrogenated coconut oil for com oil reduced the 
incidence of DMAB tumours m rats of 6 months, an effect 
which persisted when the rats received in addition pyridoxin 
and/or ethyl linolate Hydrogenated coconut oil also reduces 
the carcinogenicity of p-monomethylaminoazobenzene 33 
Gyorgy, Tomarelh, Ostergard & Brown (1942) had stated 
that unsaturated fatty acids destroy p-dimethylaminoazo- 
benzene m vitro, and suggested that the “ procarcinogenic ” 
effect of butter fat was due to the low supply of unsaturated 
acids, a view which would seem to be refuted by the results 
with hydrogenated coconut oil 

According to Opie (1944a), a diet with low protein-content 
favours cirrhosis, and hence increases tumour production, 
but Nakahara et al (1939b) reported no effect from fish 
protein Kensler et al (1941) obtained an insignificant 
protection with casern, unless riboflavin was present, as 
already mentioned E C Miller, Baumann & Rusch (1945) 
reduced the incidence of tumours by increasing casern from 
12 to 48% m the diets, provided that the pyridoxin level 
was low Sugiura (1944) obtained partial inhibition with 
dried whole milk, with wluch he claimed also to have treated 
liver cirrhosis successfully Kline, Miller & Rusch (1945), 
using rats which were given a sub-protective level of ribo- 
flavin, found that the mcidence of tumours was decreased 
when casern was replaced m the diet by egg-white, supple- 
mented by biotin m order to prevent biotin-deficiency 

As regards ammo-acids, White & Edwards (1942a), but not 
Mon (1941), found that a high cystine-content accelerated 
hepatic carcinoma White & Edwards (1942b) subsequently 
stated that methionine had an effect similar to that obtained 
by them with cystine, and that the latter is not antagonized 
by the further addition of choline , the number of animals 
in the expenment was, however, rather small 

Pathogenesis 

The early Japanese workers regarded the essential effect 
as one of progressive hyperplasia, starting in the periportal 
hver cells and increasing and spreading until cancer super- 
vened Subsequent workers 13 14 47 14 14 **, however, have 
been impressed with the importance of degenerative and 
regenerative changes, the most important gross evidence 
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being the frequent association of cirrhosis which has been 
emphasized by many authors At the same time it is 
undoubtedly true that tumours haso often been found in 
non-cirrhotic livers and that, although cirrhosis can be 
induced by DMAB in rabbits, cancer has not been seen in 
this species'* In this connexion Opie (1944b) has pointed 
out that the regenerative t> pc of hjpcrplasia of liver cells and 
bile-ducts may occur in the absence cf cirrhosis Further 
there appears to be little doubt that cancer can emerge at a 
stage when the cirrhosis is still reversible 
Whether cirrhosis is or is not i necessary preliminary 
there appears to be no doubt that the yield of tumours is 
greater when it occurs The broad general view which has 
emerged is that proliferative changes of the type associated 
with regeneration arc found at an early stage in treatment 
being more conspicuous at first m the form of new-formed 
one-ducts As this change proceeds, there is a gradual 
replacement of the normal architecture of liver by 
regeneration nodules and the formation of trabeculae of 
hbroLs or granulation tissue which contain bile ducts of 
increasingly atypical structure The appearances of the 
iauer may be such as to cause doubt as to whether the lesions 
are in fact neoplastic Macroscopically the liver becomes 
granular shows thin-walled cysts containing clear fluid and 
so i tumours which vary greatly in colour and consistency 
e granularity may recede under suitable circumstances 
ut the cysts and tumours arc permanent 


Histology of Tumours 


cysts m by cubical or somewhat flattened 

pithelium and are generally regarded as cystadenomata 
ansmg from the bile-ducts Most authors attribute the solid 
umours to two sources the cells of the hepatic parenchyma 
I i carcmoma or hepatoma), and the bile-duct epithe- 
mm ( ile duct carcinoma or cholangioma) This was the 
pa"" j t ^ lc P resent author' but it was challenged by 
wards & White (1941) who denied that a bile-duct 
noma occurred They claim that Orr described as 
inoma that which was actually non-neoplastic bile duct 
0 eration though many such lesions have an undoubted 
. ° ur °f metabolism" But in addition to this they 
pear to have misunderstood Orr who did not suggest that all 
cmrv^a*^ 11101113 ^ v,ere bile duct origin and they have 
he r paper a Passage from which they mfer that 

the e ? rd , certata rumours as of bile-duct origin though 
tum 2 ^ 5 uotatlon begins by stating that it is liver-cell 
there a^ w " lc ^ arc unc l cr consideration In point of fact 
mav ^ n0t ap P ear t0 be any doubt that liver-cell carcinoma 
*“y assume a tubular structure, as Dalton & Edwards (1942) 
the , S fT ° vvn by cytological evidence On this point therefore 
j c rence of opunon postulated by Edwards and White 
uoes not exist 


re rem ams the question of whether there is a bile-duct 
shouia° IT | a ^ tewart (1941) has argued that if it is so, it 
the tr,ii a M°jj Ppear in 1116 extr ahepatic bile-ducts or even m 
rat ha “adder (the latter presumably in the mouse as the 
only o 'th ^^'bladderj But this view is necessarily tenable 
parenf 11 if assum Ph°n that the action is a direct one on the 
Camern 06 t ^ emse ^ ves an d not 011 the liver as a whole 
culture? 2 k ° PaC & Chambers (1943) have shown in tissue 
ff A , , toat bver cells are much more sensitive to 
lium P*Pbenylenediannne than is bile-duct epithe- 

™d that there is a similar difference between the 


tumours , this is, as they say strong evidence in favour of 
the existence of a bile duct carcinoma. Opie (1944b) recoe- 
mzes trabecular hepatoma, adenohepatoma, cholangioma and 
cystadenoma 

The detailed histology of the tumours is described in the 
papers mentioned" " * An interesting point is that none 
of the tumours contains histologically demonstrable glycogen 
even when it is abundant in the surrounding parenchyma 
Chemical estimation showed that it remains very low in 
transplanted tumours" 


Metabolism of Induced Liver Tumours 

Nakatani Nakano & Ohara (1938) found that induced 
liver tumours exhibited the high rate of anaerobic glycolysis 
and considerable aerobic glycolysis characteristic of malignant 
growths in general They also described a progressively 
increasing rate of anaerobic glycolysis of the liver during the 
stages preceding the appearance of tumours Orr & Stickland 
(1941) confirmed the former observation but not the latter 
They made the interesting discovery that m the glycolytic 
activity of tumours the substrate involved is glucose whereas 
normal liver cells utilize glycogen and do not attack glucose 
This property of the tumours was established for growths of 
unequivocally liver-cell (as opposed to bile-duct) origin, and 
represented one of the few cases in which it had been possible 
to demonstrate directly a qualitative functional difference 
between tumour cells and the corresponding normal cells 
The fact that glucose-breakdown replaced glycogenolysis 
in the tumours was confirmed by Dickens & Wed-Malherbe 
(1943) They also investigated several highly-specialized 
functions of hepatic cells in the tumours and found that the 
following were entirely, or almost entirely lost the forma- 
tion of urea from ammonia or from /(-f-)- alanine and of 
acetoacetic acid from caprylic acid , the oxidation of uric 
acid , and the synthesis of fermentable carbohydrate from 
pyruvic acid Their paper includes a comprehensive review 
of the literature on metabolism up to that time 
Woodard (1943) showed that the alkaline p glycerophos- 
phatase activity of DMAB tumours averaged 10 tunes that of 
normal rat liver Cohen (1945) found that, m rats receiving 
DMAB the fiver showed a progressively-decreasing glyoxa- 
lase activity , tumours and their transplants showed about 
10% of the glyoxalase activity of normal fiver 


Mode of Action 

Various split products of DMAB have been isolated from 
the unne (Stevenson Dobnner & Rhoads, 1942), and some 
of these have been shown to be toxic to various enzyme 
reactions eg, a diphosphopyridine nucleotide system" 
carboxylase - J and a sulphydryi-contammg enzyme (urease)" 
None of the metabolites so far tested is itself carcinogenic 
Kuhn & Bernert (1945), following up the work of Kensler 
et al (Kensler Dexter & Rhoads, 1942 , Kensler Young & 
Rhoads, 1942) have investigated a number of oxidation 
products of p-phenylenediamine (a metabolite of DMAB) 
and found that p-benzoqumone is the most active m inhibiting 
carboxylase They postulate that through the special affinity 
of carcinogenic azo dyes, or their reduction and cleavage 
products for certain tissue elements in the animal body 
p-benzoqumone is continuously renewed at such sites though 
it may not reach them when p-benzoquinone itself is adminis- 
tered. In support of this hypothesis that p-benzoquinone is 
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the operative substance, they recall that Taktzawa produced 
tumours in mice by painting them with it Kirby (1945b) 
has drawn attention to a sharp divergence between AAT and 
DMAB on one hand, and azonaphthalenes on the other, 
their tendencies being to produce liver-cell and bile-duct 
tumours respectively, and he argues from this that it may be 


that metabolism of azo compounds to " benzidine type " 
derivatives favours bile-duct proliferation, while “ reductive 
fission ” favours liver-cell cancer Interesting as such 
hypotheses are, it is of course necessary to approach them 
with caution, m view of the difficulties of establishing some 
of the fundamental facts 


I Andcrvocn, H B &. Edwards 1 E (1943) / nat Cancer Inst 3, 349 

• Andenont,H B Grady, H G & Edwards, J E (1942)/ nat Cancer Inst 
3 131 

• Andervant, H B , White J & Edwards, J E (1944) I nat Cancer Inst 4,583 

• Ando, T (1940) Gann 34, 371 

‘Ando, T 11941) Abstr in Cancer Res 1,81 

• Antopol, W & Unna, K (1942) Cancer Res 2, 694 

’Cameron G , Kopac M I Sc Chambers, R (1943 ) Cancer Res 3,281 

• Cohen, P P (1945) Cancer Res 5, 626 

• Cook, J W , Hewed, C L , Kennaway, EL Sc Kennaway N M (1940) 
Amtr J Cancer 40, 62 

“ Cook, J W & Kennaway, E L (1938) Amer J Cancer, 33, 50 

II Cook, J W & Kennaway, E L (1940) Amer J Cancer, 39, 381 
11 Dalton, A J & Edwards, J E (1942)/ nat Cancer Inst 3,319 
“ Dickens, F Sc Well Malherbe H (1943) Cancer Res 3, 73 
“Edwards, J B & White J (1941)/ nat Cancer Inst 2, 157 

“ Emmart E W (1940) / nat Cancer Inst 1, 255 

“ Fucher-Wasels, B (1937) Verh dtsch path Ges 29, 182 

“ Gyor^ P j Tomarelli, R , Ostergard, R P & Brown, J B (1942)/ exp 

11 Hartwell, J L (1941) Suney of compounds which have been tested far 
carcinogenic acthlty National Cancer Institute, US Publtc Health 
Service, Washington 

“ Hccp, W (1936) Frankfurt Z Path SO, 48 
’• Iikubo, T (1935) Gann 19, 79 

“ Kensler, C. J Dexter, S O & Rhoads, C P (1942) Cancer Res 1, 1 
11 Kensler C J , Sugiura, K Young, N F , Halter, C R & Rhoads, C P' 
(1941) Science 93, 308 


“ Kensler, C. J , Young, N F & Rhoads, C P (1942) / blol Chem 143, 465 
“ Kinosita, R (1937) Trans Jap path Soc 27, 665 
“ Kirby. A H M f 1945a) Cancer Res 5. 673 
*• Kirby A H M (1945b) Cancer Res 5, 633 
“ Kline, B E (1943) Cancer Res 3, 117 

“ Kluie, B E , Miller, J A & Rusch H P (1945) Cancer Res S, 641 
“Kuhn R & Bcmcrt H (1945) Abstr m Cancer Res S, 183 
“Law L W (1941) Cancer Res 1,397 


; Maisin, J , Pourbaix, Y Si Cuvelier E (1939) C R Soc Biol Parts, 13 2 313 
1 Miller, E C & Baumann, C. A (1946) Cancer Res 6, 289 
1 Miller, E C , Baumann, C A t Rusch, H P (1943) Cancer Res S, 713 
1 Miller, J A. & Baumann, C A, (1945) Cancer Res 5, 227 
1 Miller, J A , Klme, B E , Rusch, H P & Baumann, C A (1944) Cancer 
Res 4, 153 

' Miller, J A., Miner, D L , Rusch, H P & Baumann, C A (1941) Cancer 
Res I, 699 

' Miner, D L., Miller, J A , Baumann, C A. Si Rusch, H P (1943) Cancer 
Res 3, 296 

1 Mon, K. (1941) Abstr in Cancer Res 1, 830 
1 Mon, K. & Nakahara, W (1940) Gann , 34, 48 
’ Morigaml, S & Kasiwabara (1941) Abstr in Cancer Ret 1 830 
Nagao, N (1941) Cancer Res l 581 

1 Nakahara, W , Fujiwara, T & Mon, K (1939a) Gann, 33, 57 
1 Nakahara, W , Mori, K & Fujiwara, T (1939b) Gann, 33, 407 
1 Nakatam, M , Nakano, K & Ohara, Y (1938) Gann, 32, 240 
Opie, E L (1944a) / exp Med 80, 219 

1 Opie E L (1944b) / exp Med 80, 231 

1 Orr, J W (1940) / Path Bact 50, 393 
1 Orr, J W & Stickland, L H (1941) Blochem J 35, 479 
' Potter, V R (1942) Cancer Res 2, 688 

• Sasaki, T & Yoshida, T (1935) Virchows Arch 295, 175 
■ Shear, M J (1937) Amer J Cancer, 29, 269 

1 Stevenson, B S , Dobnner, K. & Rhoads, C P (1942) Cancer Res 2, ISO 
1 Stewart, H L (1941) Cancer Res 1, 746 
Sugiura, K (1942) Proc Soc exp Biol , N Y 50, 214 

Sugiura, K (1944) Proc Soc exp Biol , N Y 57,231 

1 Sugiura, K , Halter, C R , Kensler, C J & Rhoads, C P (1945) Cancer 
Res 5, 235 

1 Sugiura, K & Rhoads. C P (1941) Cancer Res 1,3 

1 Sugiura, K & Rhoads, C P (1942) Cancer Res 2, 453 

•Turner, J C & Mulliken, B (1942) Proc Soc exp Biol , A >,49, 317 

> Vassihadis H C (1940) Amer J Cancer, 39, 377 

1 White, J Si Edwards, J E (1942a) / nat Cancer Inst 2, 535 

• White, J Si Edwards, J E (1942b) / nat Cancer Inst 3, 43 

• Woodard, H Q (1943) Cancer Res 3, 159 



CUTANEOUS CANCER IN INDUSTRY S A Henry 


m 


OCCUPATIONAL CUTANEOUS 
CANCER ATTRIBUTABLE TO 
CERTAIN CHEMICALS IN INDUSTRY 

S A HENRY, M A , M D , FRCP.DPH 

Chester Be j ty Rat-rch Institute, Rojd Career Hospital (Free), London 
b\r-alj It \f Urfu l IrtpetLr of Futones 


1 Nature of the disease 

2 Site of election 

3 Causal agents in relation to occupation 

4 Time elapsing from beginning of employment to 

manifestation of the neoplasm 
Select bibliography 


Perctval Pott pointed out as early as 1775 that cancer on one 
particular cutaneous site, namely the scrotum, could be 
attributed to soot. Others, including Butlm in 1892, showed 
that the same site might be affected by other products, and 
‘t was also observed that other cutaneous sites in addition to 
the scrotum might similarly be affected by certain chemicals 
such as pitch, tar and mineral oil Nevertheless, it was not 
until 1907 that it was recognized officially in Britain that 
cuncer of any cutaneous site could be caused by pitch tar. 


or tarry compounds In this year, the definition * scrotal 
epithelioma occurring in chmuiey sweeps and epithehomatous 
cancer or ulceration of the skin occurring in the handling or 
use of pitch, tar or tarry compounds ” was added to the 
third schedule of the Workmen’s Compensation Act 

Seven further years elapsed before * Bitumen, mineral oil 
or paraffin or any compound or products or residue of any 
of these substances ” were included, m 1914 m the definition 
in the third schedule, purely for the purpose of compensation, 
which was not restricted merely to factory workers 

Six further years elapsed until, on 1 January 1920, there 
was added to the list of diseases notifiable to the Chief 
Inspector of Factories, under Section 73 of the existing 
Factory & Workshop Act (now Section 66 of the Factories 
Act, 1937) the definition “ Epithehomatous ulceration or 
cancer of the skin due to pitch tar bitumen , paraffin or mineral 
oil or any compound or residue of any of these substances or 
any product thereof contracted in a factory or workshop ” 
The primary purpose of this addition was the investigation 
as to where the disease occurred and the devising of preventive 
measures 

It will therefore be observed that the number of cases 
accepted is limited to those arising from premises as defined 
in the Act as factories and that there is a number of similar 
cases occurring in individuals not embraced by the Act, 
such as roadmakers, unless they spend part of their time 
working in a depot under the Act 

Further, it will also be observed that arsenic is not included 
in the definition as it has so far been considered that a case 
of cutaneous cancer arising from the use of this chemical in 
industry can be notified, as occasionally it has been, under 
the heading of Arsenical Poisoning which has been a notifiable 
disease since 1 896, ana can be interpreted to include cancer 
on other sites than the skin as for instance the lung should 
excessive incidence be sufficiently proved. Be that as it may 


GLOSSARY OF UNFAMILIAR INDUSTRIAL TERMS 


Blowing room 


Brattice cloth 


Carding 


Cotton twiner doubler 
Doubling 


firebeater 

Hackle 

Nightsollsman 

Pavior 

Platelayer 


a room in a cotton mill where the 
cotton fibres, after unpacking are 
separated by a machine 
stout tarred cloth to be used for 
partitioning or shaft lining in a mine, 
the partition being known as a 
brattice 

a term applied to the further 
opening out and straightening of tha 
cotton fibres 

the mass of thread as wound directly 
upon a spindfe on a mulespinning 
machine 

one who doubles the cotton yarn on 

a machine known as a twining mule 

the process of twisting together two 

or more single yarns 

one who keeps machinery in free 

order in a woollen cardroom 

a fireman or stoker 

a comb for splitting and combing 

fibres of flax hemp or |ute 

a man who collects nightsoil i e 

excrement 

one who paves road surface 
one who lays keeps In order, ana 
renews the plates on a tramway or 
railway hence, a man employed in 
fixing and keeping in order the per- 
manent way of a railway 


Prcofer 

Pugman 


Ring doubling and ring- 
spinning 


Screenman 

Spindle moulder 

Sponge cloth 

Tar "pan ’ 
Tenter 
Wharfinger 
Winding-room 

Willey, willow 


Willeyer willower 


one who weatherproofs fabric or 
material with creosote oil 
a man operating a pug-mill, which is 
a machine for kneading and mixing 
materials, e g pitch and coaldust 

processes in which the cotton yarn 
is doubled or spun and guided on to 
the bobbin by means of a ring 
a term applied to a machine for 
rolling metal plate or to the man 
who operates the machine 
a man who operates a screen, I e a 
sieve 

a wood working machine on which 
the surface of the wood is moulded 
coarse cloth of open texture as used 
for cleaning machinery and fire-arms 
a vessel in which tar is boiled 
attendant 

an owner or manager of a wharf 
a room in which the winding of 
cotton yarn is done 
a revolving machine of a cental or 
cylindrical shape armed with spikes 
for opening and cleaning wool 
cotton and flax 

one who tends the above machine 
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TABLE I 

ANALYSIS OF 3,753 CASES OF CUTANEOUS EPITHELIOMATA NOTIFIED FROM 1920 TO 1945 INCLUSIVE, IN 
RELATION TO TRADE OR MANUFACTURE, AND TO CAUSAL AGENT 

The letter R with attached numeral denotes the number of rodant ulcers included in the larger number (the Incidence of rodent ulcer being 2 4% of the total number of eases) 


SITES 

No No No 

TRADE OR MANUFACTURE of of of 

cases per sites Head 

sons and Upper Lower Trunk Groin Penis Clitoris Scrotum Vulva 

neck limb limb 


CAUSAL AGENT 


Cotton — Males 

Females 

1 372 
17 

| 1 313 
17 

1 402 
17 

I65B'* 

3 

233 B<| 96Bi 

9 i 1 

' lOBi 

Hj| 

23 

— 8S7B*j — |\Mineral 

1 — I 3 If oil 


939 

! 538 

i 1 001 

542 K* 

270 | 5 

L . i 

6 

B 

BS 

— | 169 | — 1 Pitch, tar and tar-produ'tt 

Patent fuel 

610 

, 364 

l 640 

458 

65 

7 

4 


B 

— i 99 j — j Pitch 

Coalgas 

„ (ex cotton mulespinner) 

319 

5 

m 

331 

5 

I38BU 

1 

88 

2 

5 

2 

B 

1^9 

j — 84 

| — 2 

i — , Tar (and pitch) 

j — Mineral oil and tar 

Coko-ovens 

98 

1 91 

113 

44R' 

17 

— 

3 

2 

2 

— 45 

| — Tar (and pitch) 

Oil refining shale 

other mineral oil 

1 52 

1 4 


S3 

4 

m 

30 

! I 

4 

1 f 

— 

= 1 

— 1 Shale oil 

— j Mineral oil 

Pitch-loading (wharves) 

54 

n 


■Bl 

m 

— j — 

— 

— 1 32 

— 1 Pitch 

Matal working 

(ex mulespinner) 

, (pipe dipper) 

40 

9 

1 

H 

N 

9B l 

1 

j 9 

1 1 

i 


5 — 

1 

— 

i 21 

| 7 

i 

! 

f 

^■Mineral oil 

Tar 

Electrical equipment 

29 

24 

34 

17 ; 

8 

— 

1 

! - 

— 

- I 8 

— Pitch 

Cable manufacture 

Cable laying 

(ex mulespinner) 

23 

2 

22 

2 

1 , 

23 

2 

1 

■ 


i 

— 

— 

— 

— 

1 7 

1 

’I _ 

}Tar 

i Oil and tar 

Creosoting timber 

Storage of creosote 

■ 

■ 

15 

II 

5B‘ 

3Ri 

7 

6 

— 

~l 


— 

— 

3 

1 

— 

l^-Creosote oil 

Road construction 

Manufacture of road macadam 
, of road asphalt 

13 

8 

1 

12 

8 

1 

IS 

8 

1 

1 


a 

1 


— 

. 

3 

1 

— 1 Tar 

— Tar 

— j Natural bitumen 

Nat fixing 



21 

7 

8 

i 

— 

— 

— 

— 

5 

~ ‘ T 

Producer gas 

17 


17 

— 

1 

— 

— 

— 

— 

— 

16 

— 1 Tar 

Optical lenses | 

16 


17 

7 

8 

— 

— 

— 


— 

2 

— 

Pitch 

Bricks 

Sanitary pipes 

Pottery (crucibles) 

H 

Ef 

1 “ 

3 

1 

E 

3 

1 

■ 

E 

— 

1 

— 

7 

2 

1 


Creosote oil 

Tar 

Creosote oil 

Coal -carbonization ! 

- ■ '■ ■ »■- .| 



' 11 

1 

i 

_ 1 

— 

— 

— 

— 

— 

10 

— 

Tar 

Oil gas shale 
, (ex mulespinner) 

Carburetted water gas 

m 

H 

H 

1 

2 

2 

2 

— 


— 

— 

— 

3 

1 

- 1 

“ | 

^J-Tar from oil 

Proofing of fabric 



9 

2Hi 

6 

— 

— 

— 

— 

— 

1 


Tar 

Wool and worsted 

6 

I 6 

6 

3B> 

— 

— 

i 

— 

— 

— 

2 


Mineral oil 

Synthetic dyes 

! 3 

1 5 

5 

3B» 

2 

— 

— 

— 

— 

— 

— 

— 

Anthracene 

Repair of vehicles (wheelwright) 

. (engine*)-, fitter) 

, (ex mulespinner) 

I i 1 i 

i 2 | 2 

| 1 1 1 

1 

2 

1 

"7 

1 



— • 

— 

— 

— 

1 

1 

1 

— 

T ar 

Mineral oil 

Mineral oil 

Repair of boats and barges 1 3 I 3 

3 

— 

2 

— 

— 

— 

— 

*— 

1 

— 

Tar 

Ropes (machinist) 

, (machinist female) 

(ex mulespinner) 

■ 

■ 

! j 
! 1 

J 

1 

1 

E 

— 

— 

— 

— 

_ 1 

— 

? Wood tar and mineral oil 
Mineral oil 

Mineral oil 

Woodworking including mam 
tenanca 

3 

3 ! 3 

i - 

— 

— 





■ 

- 

3 

. „ 

Mineral oil 

Coal mining (maintenance) 



1 1 

— 

— 

— 

— 

— 

— 

L 

— 

Mineral oil 

Paints (bltumastic) 

Painting (bitumjtic) 

■ 

BB 

1 1 
1 ! 

— 

— 

— 

— 

— 

___ 

1 

— 

T Tar 
f Tar 

Belting (camel hair) 

f ' 

BIBDOi 

— 

— 

— i — j 

— 

— 

1 

— 

Mineral oil 

flrew/ng (maintenance) f 1 

1 H »i - 1 

— 

i ___ 

1 

— 

— 

— 

Mineral oil 

D jlnfcctants j 1 

i i i i ; i i - | 

- i - j _ 

— 

— 

— 

— j Creo ote oil 

Firelighters (ex mulespinner) > H 11 1 j — j j 

- i - ! - 

— 

— 

— 

— | Mineraloiland? creosoteoil 

Haula.e 1 1 j 1 1 1 — | _ 

1 - 1 - l - 

— 

— 

1 

— i Pitch and tar 

)u 0 * M 1 1 ) J 

- | - I - 

— 

— 

1 

— | -Mineral oil 

Matches (dl storeman) 1 1 1 — 

| | 

— 

— 

1 

— i Mineral oil 

Sails («* fisherman) * 1 1 ll i — *1 1 1 



_ 1 

— f Tar and ? sun rays 
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TABLE I (continued) 


t?aoe or manufacture 

No, 

cf 

caies 

No No 
of cf 

per- »Ste$ 
sen* 

Head 

and 

neck 

Upper 

limb 

Lower 

limb 

Trunk 

SITES 

Grom 

Penis 

CAUSAL AGENT 

Clitoris Scrotum Vulva 

CUyp*«a* 

1 

1 1 

1 

— 

- 

- 

- 

— 

— — — Pitch 

KiltlTcal 

3 735 

3.957 3 903 

1 453®» 

798®' 

119®' 

33®* 

34 

54 

— 1431®' — 

Percentage 


ICO 

37 3 

30-* 

30 

07 

06 

1 3 

— 36*4 — 

Fxrila. Toul 

ia 

13 19 

4 

10 

1 

- 

— 

— 

1 — 

Percentage 


100 

31-0 

53 « 

— 

“ 

— 

— 

21 1 

mi ts and females. Total 

Percentage 

3 753 

3.975 3 931 
100 

I 442*“ 
37 3 

£03®' 
30 S 

130®* 

3-0 

2aa» 

07 

34 

06 

54 

1 3 

0 

— *0 

■v 

-3 

O 


a committee of the Medical Research Council is at present 
deliberating on the question of tho relationship of arsenic to 
cancer and. as this subject is discussed elsewhere' in these 
columns, I shah not refer further to it 
Up to the end of 1945, as will be seen from the Chief 
Inspector's Annual Reports, 3,753 cases in 2,975 persons 

■ [See BUS 977 — Eo 1 


have been notified, and their annual distribution 13 shown m 
Graph 1 , this paper is based mainly on the analysis of these 
figures (Table I) and the knowledge gamed by personal 
investigation inside and outside the factory 
Pitch, tar or tar-products were held responsible for 2^29 
(or 59 4%) of the 3,753 cases, shale oil, mineral oil, or 
bitumen for 1.515 (or 40 3%), while in 9 cases the workers 
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had been in contact first with mineral oil as cotton-mule- 
spinners and then with tar as gasworkers (5), cable-layer (1), 
or oil'gas maker (1), or with creosote in the mak i n g of 
firefighters (1), or in substantial contact with both types of 
agent at the same time, as w the case of a rope-machinist m 
contact with wood-tar, who also lubricated his machine. 

1 NATURE OF THE DISEASE 

The disease begins as a papilloma of keratotic new growth 
which, m a few cases, may fall off without treatment (Fig. 1), 
or the worker (Fig, 16) may even adopt the undesirable 
procedure of paring it with a knife or scraping it with some 
abrasive, such as the striking-side of a matchbox, without 
apparently accelerating the onset of malignancy Otherwise 
it may remain dormant for months or years (17 years in the 
case of one creosoter of wood , see Fig. 15) before assuming 
malignancy in the form of an epithelioma, either squamous- 
celled or basal-celled (rodent ulcer , Fig 3) Of the latter 
there were at least 93 (or 2 4%) in this series . 72 were in 
workers in mineral oil s (Fig 3), and 68 of these were in 
cottonworkers (making a percentage of 4 7 of the cutaneous 
epithelioma ta in that trade, including a mixed basal-celled 
and squamous-celled carcinoma on the site of a birthmark on 
the right cheek of a cotton-mulespmner) The remaining 
21 rodent ulcers were in workers in pitch, tar, or tarry 
products (Fig 4) 

In some cases the growth may occur on only one cutaneous 
site at one particular time, while in others more than one 
growth may appear at the same time on the same or different 
cutaneous sites (Fig 11) One or more of these may assume 
malignancy, and, in one anthracene-maker in this senes who 
contracted multiple growths of both forearms after 29 years 
of work, all were malignant 

Although the growth may be successfully removed by the 
surgeon or the radiotherapist, there is no guarantee that a 
similar growth may not arise later on another part of the 
skm of the same or a separate site, after a short or long 
interval. Subsequent primary growths may arise throughout 
the fives of men successfully treated for earlier growths. 
At least 326 men m this series had as many as 2-14 new 
growths within 3 months to 28 years, though all had not 
necessarily reached the malignant stage before they were 
treated 

If treatment is refused by the patient, or is unsuccessful 
for a primary epithelioma, death from metastases will 
eventually occur in approximately 2-3 years in the case of 
a squamous-celled carcinoma, but m the case of a basal-celled 
carcinoma (rodent ulcer) the fatal issue may be deferred 
for 7-20 years, as exemplified in the present senes If treat- 
ment is successful, the patient may live for many years until 
he dies of some other disease to which the general population 
is liable, or he may die of a subsequent primary cancer of an 
internal site such as larynx, lung, oesophagus, colon, rectum, 
liver, bladder or prostate, of which there are examples in 
this series. 

2, SITE OF ELECTION 

Although the new growth may affect any of the cutaneous 
sites the head and neck and upper limb (representing exposed 

Dr Alexander Scott, of Broxburn informed me that he had come across only 
a vc i of ro*ieoJ uta cr during bu periodic medical examinatioa of shale ail 
•omen m nuav vears. 


parts) and the scrotum (representing a covered part) are 
mainly affected. The lower limb (including the groin) appears 
to be affected m pitch- and tar-workers m only I % of the 
cases, whereas m oil-workers (Fig 18, 19) it is affected nearly 
eight times as often (7 7%), the trunk m under 1% both 
in pitch- (Fig. 17) and tar- (Fig. 16) workers, and m mineral- 
oil workers ; while the perns is affected in only 1 to 1 5%m 
either type of worker. In the few cases of women, of whom all 
were in textile trades", the disease was mainly on the exposed 
parts, the upper fimb being the mam contributor, though the 
external genitals were affected m 4 cases 

The selection of the site appears to depend mainly on two 
factors, the nature of the occupation, such as applying the 
chemical to a particular site, and the physical properties of 
the chemical Dust of pitch, or the fume from hot tar. may 
permeate the atmosphere, alighting on exposed parts or even 
finding its way between clothing and skm , or mineral oil 
may drip, soak, and penetrate through clothing In certain 
cases, individual habits have to be considered— such as 
lefthandedness, or application of the fingers or a cloth 
permeated with the chemical to a particular site, including 
even the possibility of use of oily waste on exposed parts 
and even, when m the lavatory, on the ano-penneal area and, 
m the case of females, the external genitals 

It will be seen from Tables I, II and III that in those 
workers in whom the exposed parts are especially affected, 
the head and neck is the principal contributor m makers of 
patent fuel (Fig 5), electrical equipment (Fig 8), workers in 
tar distilleries (Fig 10) and gasworks (Fig 6) and possibly 
in the small numbers of cotton-twmer-doublers, cotton- 
weavers (Fig 2) and woollen workers , the upper limb m 
cable-makers, proofers of fabric, creosote-oil proofers and 
storers (Fig 15), shale-oil refiners (Fig 12) and Female 
textile-workers , while both these exposed sites contribute 
substantially m those making optical lenses (Fig 7), roads 
and road material, nets, or oil-gas The scrotum and head 
seem to be more or less equally affected m coke-oven workers. 

The covered parts are represented w the vast majority of 
cases by the scrotum, which is especially affected by pitch 
in loading at wharves, by the fume of tar in those engaged in 
the manufacture of producer-gas and in coal-carbonization, 
by creosote oil m the manufacture of bricks, or by mineral 
oil in cottonworkers, such as those employed m cotton- 
carding and preparatory processes, and especially in cotton- 
mulespmnmg (Fig. 20) 

The question of the rarity of the disease on the palm of the 
hand or its absence from the sole of the foot (as, for instance, 
m cotton-mulespinners who walk about with bare feet on an 
oil-soaked floor) Is possibly to some extent explained by the 
special texture of the skm or, in the case of the palm, the 
greater chance of removal of the chemical by chance handling 
or premeditated drying than in the case of the dorsum of the 
hand There is, however, a case of epithelioma on the palm 
of the hand of a card-room operative (Fig 13) and on the 
dorsum of the foot of a cotton-mulespmner (Fig 19), while 
a record exists of a sarcoma on the sole of a cotton- 
mulespmner’s foot, which had been injured by a pene- 
trating nail 

• In 1946 however 2 cases have occurred in women aged 37 and 47, employed. 
because of the war. for 4J and 4 years respectively as labourers at tar “‘stillerice. 
the epithelioma being on the right cbeelt of the former and on the neck (rig vi 
of the latter 
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PLATE I (FIG 1-5) 


ILLUSTRATIONS 
OF CHEMICALLY - INDUCED 
OCCUPATIONAL CANCER OF THE SKIN 

(FIG 1—20) 

S A Henry 


FIG I Sessile wart on the left check 
of a man aged -42 employed as a pitch- 
worker at a tar distillery It made no 
progress and finally necrosed 4 weeks 
after the photograph was taken 

FIG 2. Epithelioma on the right cheek of 
a man aged 45 employed for 31 years as a 
machine-minder In weaving shed and 
other departments of a cotton mill 


FIG I ir m thi Lilt Dr 11 D Jtrkini FIG 2 From i?e London Hospital 



FIG 3 Rodent ulcer below the right 
eye of a man aged 63 employed for 20 
years in the paraffin sheds of a shale 
oil refinery 



^ 4 Rodent ulcer on the face of a 
male aged 54 years employed as a 
P'oughman for 9 years sugar refiner 
or I year and anthracene worker in the 
manufacture of synthetic dyes for 25j 
years Note pigmentation of areas of 
skin normally exposed 


fivs 5 Epithelioma on the nose 
an aged 47 employed for 14 year 
patent fuel worker This was a f 
primary growth the first papi 
*j n JI appeared on the right 
yeiid 5 years before followe 
growths on upper lip and left e 
"as since had 12 subsequent pr 
S'"? 5 within 9 years on neck ant 
H din S “Pper and lower lips c 
lorehead and nose 



FIG 5 From Dr C C R Doom n Carlitf 






FIG 6 From the Royal Cancer Hospital (Free) 


PLATE 2 (fig 6—10) 
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FIG 7 Front the Royal Cancer Hospital (Free) 



FIG 6 Epithelioma on the chin of a 
male aged SO employed as pumpman in a 
gasworks for 24 years 

FIG 7 Epithelioma on the chin of a 
male aged 38 employed as a blocker in 
the manufacture of optical lenses for 
18 years 


e l \ il ( aiu r Hospital [Free) 


FIG 9 From the Ro\al Cancer Hospital [Free] 
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FIG 8 Epithelioma on the scalp of a 
man aged 53 employed in the manu- 
facture of carbon brushes for electrical 
equipment for 26 years, and then with 
no direct contact with pitch for I to 2 
years 

FIG 9 Epitheiiomata on the neck of a 
female aged 47 employed as a labourer 
at a tar distillery for 4 years 



G 10 I ram the t lie Dr H D Jenkins 




FIG 10 Epithelioma on the right side 
of the neck below the ear of a man 
aged 45 employed as a tar Stillman 
in contact with tar, creosote and 
naphtha for 29 years This was a third 
primary growth, the preceding ones 
being on nose and ear 




PLATE 3 (FIG 1 1— IS) 
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FIG II Multiple cpithchomata (neck 
and left arm) in a man aged 75 employed 
as a cotton mulctpinncr for 5$ years and 
then as oiler m a cotton mill for 12 yean 

FIG 12 Epithelioma on the left wrist 
of a man aged 55 employed as a paraffin 
worker at a shale-oil refinery for 
13 yean 



FIG 13 } r rrt the Ire j Hr i i 


FIG II i, , 


F(C 12 Or If rji l r ^ i Eroxhurn 




f P (3 Epithelioma on the palm of the 
eft hand of a man aged 53 employed 
s a senpper and grinder In the card 
room of a cotton mill for 35 years 



FIG 14 Froui the En es re Henry Co r lection 


FIG M Cancer on the hand in a male 
aged 31 years employed as a cotton 
mulespmnerfor7years and after 5 years 
interval in the army as a gas retort 
stoker for 7~ years 
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a /tore keeper The 
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FIG 15 From (tie Ernestine Hem Co l ction 




PLATE 4 (FIG 16—20) 


FIG 16 Multiple benign keratotic new 
growths on the skin of a man aged 75 
employed as a carter at a tar distillery 
for 50 years, formerly as a coal carter , 
he stated that he reduced many of the 
growths with the abrasive edge of a 
matchbox 

FIG 17 Neoplasms on skin of chest 
wall of a man aged 22 employed as a 
patent-fuel worker for 2 years 


FIG 18 From the Ernestine Henry Collection 



FIG 18 Epithelioma on the left leg of a 
man aged 47 employed as a cotton- 
mulespinner for 37 years He had an 
epithelioma of left arm at the same time 


front the hrnestme Henry Collection 



FIG 20 From the Ernestine Henry Collection 
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FIG 19 Epithelioma on the right foot 
of a male aged 55 employed as a cotton- 
mulespinner for 45 years He worked 
with bare feet 

FIG 20 Epithelioma on the left side of 
the scrotum of a man aged 46 employed 
as a cotton mulespinner for 36 years 
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TABLE III 

ANALYSIS OF l,3N CASES OF CUTANEOUS EPITHELIOMATA IN WORKERS IN THE dOTTON TRADE 

ACCORDING TO THEIR OCCUPATION 


Th» lilltr Rwlth >tu clitd numtril dtnocu th« numtur of rodint uletri Included In tht lirjtr number (the incidents of rodent ulcer be nj 4 7° 0 of the total number of caeei) 
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3 CAUSAL AGENTS IN RELATION TO OCCUPATION 

The mam trades or occupations which contribute and, as 
far as possible the causal agents concerned, are shown in 
Table I, but in certain occupations a worker may encounter 
more than one carcinogenic agent and, further, he may 
occasionally change from one occupation in which there is 
contact with one type of agent such as tar, to another occupa- 
tion in which there is another type of agent such as mineral 
on or vice versa (see Fig. 14) 

It must be emphasized that there are many persons who 
o not yet appreciate the legal requirement of notification 
o industrial disease or the relationship of a particular 
occupation to one or more recognized carcinogenic agents 
For instance, before 1923 it was not realized by anyone 
Perhaps the late Dr S R. Wilson, of Manchester, that 
e disease in cottonworkers was due to mineral oil but 
increasing knowledge from that date is reflected m the rise 
raph l) m the number of notified cases The numbers 
197 a source reached their maximum of 101 in 1927 and 
, since when there has been a gradual decline in the 
umber of cotton-workers notified 

The general fall from 1940 is due no doubt to various war 
n unions but the sharp nse since 1942 is due to a large 


extent to the inclusion in the absence of a pathological 
examination, of an increasing number of cases of keratotic 
new growths, a substantial number of which are probably as 
yet benign These are notified when they come to light 
at the periodic medical examination of certain pitch- and 
tar-workers, so wisely instituted by certain firms m order 
that early treatment usually at a radiological centre may be 
forthcoming— usually without loss of working tune Further 
the same men may be notified several tunes in one year for 
growths occurring one after the other on separate sites 

Pitch, Tar, and Tarry Products 

Apparently the term “tar” originally referred to the 
viscous residue remaining after the destructive distillation, 
at a high temperature, of wood, especially pine Later it was 
applied to the product similar m appearance produced by 
the destructive distillation of coal, mineral oil, vegetable oil 
or even skin. If it is further heated there remains a solid 
substance known as pitch, which is hard and brittle when 
cold, but pliable when hot. 

During the process of distillation of coaltar, crude products 
can be separated out according to the temperature such as 
naphthalene, creosote oil and anthracene oil, which, after 
purification, provide individual solid compounds 
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Coal-pitch 

Patent fuel. Briquette manufacture provided 610 cases m 
364 persons employed in one or other capacity as beltman, 
blender, pugman, piler, screenman, slinger, stower, tipper, 
wheeler, weigher, and others on the plant, such as blacksmith, 
roadman, stoker, oiler and even ostler. One stoker employed 
for 9 years had previously been a stoker at a brickworks for 
30 years , another man who had been a fuelworker for 31 
years had transferred to a brattice-cloth factory, where 
coaltar was used, for 9 years, after which the epithelioma 
developed on his neck , and one man aged 34, who developed 
a growth on the right side of the cheek after 4 years as a 
pitchman, had previously spent his earlier working life 
at sea 


GRAPH I. NUMBER OF CASES OF CUTANEOUS 
EPITHELIOMA NOTIFIED ANNUALLY FROM 1920 

TO 1945 



— total number of cases 


• ' = number of cases contributed by shale oil and 

mineral oil only 

Abscissae = time in years 

Ordinates — number of cases 


FIG. 21 



By the courtesy of T Roddom Dent & Son 


Shipping pitch the bottom doors of the hopper wagon are 
opened, the pitch falls or is knocked through the bottom door 
to the hopper (covered by the truck) The tub, or skip, is at the 
bottom of the “ pit ”, the ** pit ” door is opened by means of a 
lever, and the pitch runs from the hopper into the tub When full, 
the tub, carrying 30-40 hundredweights [1,524-2,032 kg], Is lifted 
and put on board and tipped into the hold of the ship 

Pitch-loading at wharves provided 54 cases m 36 men 
employed at firms of wharfingers as stevedores, etc , loading 
pitch on to ships (Fig. 21) 

Manufacture of electrical equipment, such as insulators, 
carbon electrodes and “ electric brushes ”, was responsible 
for 29 cases m men who crushed, ground, mixed, moulded, 
pressed, weighed or loaded pitch , there was, however, also 
an important case of epithelioma of the forehead in one man 
who had been a clerk for 23 years only m the office adjacent 
to the factory in which the pitch-dust was generated 

Manufacture of optical lenses was responsible for 16 cases 
mil persons 4 using pitch for embedding the lens during the 
polishing process 

Clay pigeons. There was an interesting case of a worker 
who for 3 years had been a melter of pitch with chalk for the 
manufacture of clay pigeons A growth then appeared on 
the upper lip ana another on the nose, and both proved, on 
histological examination, to be epithehomata 

Coal-pitch and Coaltar 

Distilling of coaltar or coke-oven tar, which may be per- 
formed in a factory set apart for the purpose, or on a special 
plant in certain gasworks or coke-oven establishments, 
provided 939 cases m 538 males 

It is not possible to divide the cases into those attributable 
to tar and those to pitch, for while the tar-stillman and the 
tar-pumper would be mainly in contact with tar, and the 
pitch-getter and -breaker m contact with pitch, the disease 
was found also among others employed in the works in such 
various occupations as fitter, drain-cleaner, platelayer, 
boiler-maker, boatman, bricklayer, scaffolder, acetylene- 
burner and boiler-stoker, one of whom described how he 
used pitch and creosote for firing Even a time-clerk for 40 
years and an ambulance-room attendant were not exempt, 
but the latter had previously been a fitter on the plant , while 
the history of removal of a keratotic growth from the head 
of a managing director is, no doubt, of interest 

* Seven similar workers were previously found to have keratotic growths on 
the head and neck, and on the upper limb, and la one case, after 1| to 23 years 
of employment, on the scrotum , but as there was then nd evidence that the 
malignant stage had been reached, these cases were not included in the figures 
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It must also be recorded that one man, with an epithelioma 
behind the ear after 35 years’ employment as a coal- tipper 
on the plant, started working life as a patent-fuel worker, 
but only for the short period of 2 months 
Coke-oie ns There were 98 cases provided by 91 persons 
working at firms with coke-oven plants At some such firms, 
which do not distil their coke-oven tar, workers are mainly 
w contact with such tar, but at others which also have a 
distillery plant, there would be contact also with pitch 

Coaltar 

Manufacture of coalgas There were 324 cases provided by 
309 persons employed in the manufacture of coalgas These 
included managers, retort-stokers, retort-setters and repairers, 
workers on mains and pipes, fitters, pipe-laggers, carpenters 
and other maintenance men, and yard- labourers 
While coaltar is the main carcinogenic agent with which 
the gasworker comes into contact, there may be a limited 
contact in some cases with a lubricating mineral oil For 
instance, an exhaust attendant stated that he used mineral 
and vegetable oils for engines and coalgas oil for the 
exhausters during the process of lubrication 
In this connexion it must be pointed out that 4 of the men 
included m the figures had previously been in contact with 
mineral oil alone as cotton-mulespmners for 7 to 18 years, 
the epithehomata appearing on the scrotum (2), hand (1), 
and lower lip (1) after 14 to 35 vears’ employment at the 
gasworks 

Manufacture of electric cables was responsible for 23 cases 
in 22 men employed as tapers, compounders, coders or 
m a i ntenance men, or in handling tarred yam stacking cables, 
driving the machine for armouring the cables or making 


FIG 22 



From the Ernestire Henry Collection 


fixing or carring of fishing 'nets showing the net 
after immersion 


FIG 23 



From Mr S H f/ilkes 


Topman on a producer-gas plant. Note position during prodding 

asphalt troughs 5 to hold cables One of the maintenance 
men who had been a crane-driver for 36 years had retired 
for 8 years before a growth appeared on the right ear, and 
the possibility of some contact with mineral od m his case 
cannot be excluded. 

Laying of electric cables This occupation provided 3 cases 
in men employed as cable-jomters but one who had been so 
employed for 18 years had previously been a cotton- 
mulespumer for 13 years 

Road construction provided 22 cases , 13 were in 12 
persons applying the material to the road and 9 in workers 
making the material known as ‘ asphalt ” or tar macadam. 

The 12 who were employed by public highways depart- 
ments or by private road-contractors, included 7 in charge 
of the tar-boders (one having retired for 5 years) 3 tar- 
sprayers 1 “ asphalter ” and 1 pavior (and mghtsodsman) 

Of the 9 makers of road-matenal who were employed at 
asphalt-works of private firms or on special plants at 
tar-distdlenes, 8 were in contact with coaltar The ninth 
was a worker at a lake-asphalt works for 23 years where 
I -was informed that only bitumen (mainly natural from the 
Tnmdad Lake, but occasionally artificial from a mineral od) 
was used , but owing to wartime conditions he had become 
a civd-defence worker for lj- years before the epithelioma 
appeared on the face It may be recorded however, that 

• The man m question used only a Tnmdad La xe fc.rumea for the purpose, and 
in a previous communication I suggested that tins ca-e could be a unified to 
bitumen after 21 jeers employment but further enquiry h_s shown that 
ha spent only just over 2 years in the specal *Jphah tro-jh departm_m -nd that 
the previous 19 > ears were occupied in cable malduz. and so in comact -wdi coal-ar 
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FIG 24 



From the Ernestine Henry Collection 
Tarring of boats 


one of the two tar-boilers had been a chimney-sweep m 
youth for 6 months, and the nightsoilsman had been a 
farm-labourer and started work m a cotton-weaving shed 
for one month 56 years before 
Manufacture and repair of fishing nets (Fig 22) (e g work 
at ship-chandlers’, netmaking, repair work at sea-coast towns) 
were responsible for 18 cases m 17 men , one man had an 
epithelioma of the left eyebrow, and in the following year 
a similar growth on the left hand Some of these men were 
previously fishermen, as was the case with at least 9 of them , 
however, in 3 who had never been to sea, the growth appeared 
on the nose in two, employed for 8 and 12 years respectively, 
and on the scrotum of one employed for 61 years 
Manufacture of producer-gas (Fig 23) provided 17 cases 
m 15 men continually employed for periods varying from 
9 to 35 years at glass-bottle works, steelworks, synthetic-dye 
works, soapworks, shipbuilding works, shale-oil works or 
zinc-smelting works 

It may be recorded, however, that m one of the scrotal 
cases, the man who was on the producer-gas plant at a shale- 
oil works for 16 years, had performed other employment 
previously at the same works for 14 years This may have 
contributed totally or partially to the causation of the disease b 
Low-temperature coal-carbonization is a comparatively new 
method for production of a smokeless fuel and a coal-oil, 
in which a low temperature tar is formed There were 11 
cases m 7 men engaged on this process 
In one interesting case, the man, who had been employed 
for 6 years as a retort man and had gone elsewhere for 
2 years, was found to have a scrotal epithelioma wnen 
examined for re-employment in the carbonization process, 
thus showing the value of such form of medical supervision 
for a specific purpose 

Proofing with coaltar of fabric, such as felt for roofing, and 

• Apart from these reported cases it may be of some interest to record that 
thero was a similar case at the same oilworks, of a man who had been a labourer 
at the worlds for 9 years then attended to the producer gas plant for 16 years 
he then did odd jobs at the works for 3 years after which an epitheltoma developed 
on the scrotum. Anodier man, who had been on the producer gas plant of a 
steel works for over 21 years developed an epithelioma on the skin of the pubis 
At another works a man who had been on a producer gas plant from boyhood 
to the age of 32 developed a growth on the right side of the forehead wh cb 
ssiumed malignancy 8 years later, resulting in death 


brattice-cloth for preservation, for use m collieries, was 
responsible for 9 cases in 7 persons 
Barge - and boat-repairing (Fig 24) was responsible for 
3 cases in this senes, but, in addition, there is an interesting 
record of an epithelioma on the forehead of a fitter at a firm 
of shipbuilders This man was consideted to have been in 
contact with the fume from tar-products in tank-barges 
under repair There was another case of epithelioma of the 
penis of a boat-builder, so employed for 54 years, which 
ended fatally 

Manufacture of earthenware pipes provided 3 cases m 
jointers of sanitary pipes or of stoneware conduits for 
electrical wire, using a tar composition , but in one of these 
so employed for 26 years there was probably previous contact 
with tar at a gasworks for 28 years 
Manufacture and use of bitumastic paints Manufacture of 
such paint, from which a tar-content could not be excluded, 
provided an epithelioma on the face and on the scrotum of 
a man who for 16 years had been a boiler of a mixture of 
natural asphalt, mineral oil, bitumen, and coaltar , and the 
case of an epithelioma on the face of a painter who had been 
so employed for 30 years but for the last 3^ years had been 
continuously painting tanks with a bituminous paint 
Repair of vehicles provided a scrotal case of a wheelwright 
at a corporation depot, who chipped tar off vehicles 
Haulage provided a similar case of a carter, mainly of 
pitch and tar, at a firm of carting contractors 

Sailmaking at a shipwright company provided a case of 
epithelioma of the right ear, which, however, must be attri- 
buted to previous occupation at sea in contact with the sun’s 
rays as well as tar, as no dressing of the sails with tar or any 
other proofing material was performed at this particular firm 
of shipwrights 

Wood-tar 

While wood-tar can be obtained sometimes from bobbin- 
makers in the north of England, who distil wood-shavings 
and scrap, the best examples are those from Russia (Archangel 
tar), Poland (Polish pme tar), and Sweden (Stockholm 
tar), and our medical colleagues m those countries should be 
able to give us valuable information on the extent of the 
carcinogenic properties of this substance 



Manufacture of oil gas Carburetted water-gas plant contain- 
ing the generators for making the water-gas and the 
carburetters and superheaters for evaporation and cracking of the 
mineral oil 
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Generali) speaking wood tar is always used for coalsacks, 
as coaltar is too stiff, and the same applies 1 to ropes It may 
also, like anthracene oil, be used for making wagon-grease 
But investigation has shown how often some coaltar seems 
to have crept into a process which at first seemed to be 
concerned only with wood-tar For instance, in certain 
premises where nets arc dipped mainly m wood-tar, a tank 
of coaltar may also be found when further enquiry is made 
Hence in this series there is only one case 7 of cutaneous 
epithelioma possibly to be attributable to wood tar This was 
on the left hand of an attendant at a compound machine at 
a ropevvorks (now defunct) where no coaltar was used but 
only Archangel Ur , but even in this case it must be sUted 
that the man also lubricated his machine with mineral oil 

Tar from Shale Oil and Mineral Oil 
The term “ oil gas ” may refer to two different products 
one being the gas formed from the destructive distillation of 
shale oil (or more rarely other oils such as Russian mineral 
oil), and the other a carburcttcd water-gas in which mineral- 
oil spray at a high temperature is added during manufacture 
Conuct with the tarry residue of the oil at the retorts 
especially when these are being cleaned, cannot well be 
avoided, even in the latest apparatus, which may be considered 
as a closed one (Fig 25) 

The manufacture of this gas from shale od provided 7 
cases, but in one of these, the man, who was a radway-carriage 
cleaner and shale-oil gasmaker for 38 years, had previously 
been a cotton-mulespinner for 10 years The manufacture 
of carburetted water-gas from mineral oil produced 4 cases 
but m only one of these had the worker, so employed for 
16 years not previously been in conUct with coaltar 

Creosote Oil 

Proofing of timber for radway-sleepers, pavement-blocks 
pit props, fences, etc , with creosote od at creosoting works, 
radway works, sawmills, fencing companies and wood- 
pavement works etc , provided 14 cases, but there is also a 
record of a case of rodent ulcer on the face of a timber- 
creosoter at a tar distillery, and of an epithelioma of the 
scrotum of a creosoter of timber for fences at a firm of 
timber-merchants 

Creosote-oil storage provided 9 cases in 8 men loading and 
unloading creosote od at works where this od is specially 
stored. 

Manufacture of bricks provided 10 cases 8 attributable to the 
“ brick od ” or “ moulding od ” or “ press od ”, which is 
usually a creosote od used to prevent the bricks adhering 
to the moulds Nine of the men were, or had been, on the 
bnck presses but the tenth was a machine- fitter, and although 
no doubt, he would come into contact with the creosote od 
when maintaining the presses, contact with ordinary mineral 
lubricating oil could not be excluded 
Manufacture of furnace crucibles provided one case of 
scrotal cancer in a man who had been a pot-maker for 38 
years at a steelworks This was attributable to the creosote 
oil used during the process of making crucibles for meltmg 
the metal in the furnaces 


r 13 a record at another ropeworks where only Archangel tar was used 

t a latal case (not notified) or scrotal epithelioma in a man who was on the tar 
i ff 1 out he was also a belt mender oiled machines and cleaned the sooty 
ocher flues I have previously recorded 2 fatal cases of scrotal epithelioma, one 
ir a 111:111 "ho manufactured the product and in another who brushed Stockholm 
^ 0n lo coalsacks for 45 years these are more convincing. 

'A case of scrotal cancer in a bnck burner for 15 years who had 

a cotton mulespinner for 34 years was allocated to the list of cotton- 
cspmners as attributable to mineral od 


FIG 26 



Workers on the press expressing the oil from the 
paraffin wax at a shale-oil refinery 


Manufacture of a disinfectant provided one case of 
Dithelioma of the helix of the left ear in a man working at 
chemical still He had retired for 7 years after making a 
reosote disinfectant for 40 years though his previous 
ccupation up to the age of 27 was not elicited 
Manufacture of firelighters In connexion with the one 

laker of firelighters who had previously been a cotton- 
lulespinner and cotton-weaver, it may be of interest to state 
lat there is also a record of a case not included in official 
gures of epithelioma of the left forearm of a man who had 
lade firelighters (with peat blocks instead of wood for the 
ody of the lighter) for 21 years He had retired for 25 years 
ut he too had previously been in the cotton trade as a 
otton-weaver for 8 years and a farm-labourer for 6 years 
Records of other non-reportable cases attributable to 
reosote include that of a railway platelayer handling creosoted 
leeDers After 31 years of this work an epithelioma 
eveloped on the left ear An assistant chemist m the 
iboratory of a tar distillery had been testing creosote oils 
nr 16 months when a keratotic growth as yet benign 
ppeared on the right \vnst 

Anthracene 

Purification oj anthracene or in one case loading boxes oi 
■ at a synthetic dyeworks for periods varying from to 54 
ears was responsible for 5 cases on the upper hmb or head 
i elu din g one of rodent ulcer (Fig 4) , 

Three others were engaged on the manufacture of anthra- 
ene at tar distilleries but only one oi these (with multiple 
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From the Ernestine Henry Collection 


“ Little piecer ” (assistant to the spinner) in the cotton-mule- 
spinning room Later he becomes a “ big piecer” and subsequently 

a spinner 

epitheliomata of forearms) had been associated solely with 
the plant for 29 years, the other two having been workers in 
tar and pitch respectively 

Shale Oil, Mineral Oil and Bitumen 

While shale oil is a mineral oil, it differs from the ordinary 
mineral oils which are obtained as such from under the 
earth’s surface by sinking wells, in that it has to be extracted 
above ground from shale which has previously been mined 
All these oils may be refined by distillation and fractionation, 
the final base or residue being either of a waxy (in the case of 
shale oil) or asphaltic (or bituminous) nature, or a mixture 
of both 

Among the products of the crude shale oil are shale spirit 
or naphtha, used as gasolene, motor spirit, solvent for india- 
rubber, fuel in special lamps, etc , intermediate oil for 
gas-making, gas-enriching, cleaning, oil-engine fuel, grease- 
making and fuel for the navy , lubricating oil for lubricating 
machinery, as in the cotton trade, etc , and solid paraffin 
(from which the oil has finally been expressed at the presses 
in the paraffin sheds of the refinery) used for making wax 
candles 

Bitumen is the term given to the product which appears in 
nature as Trinidad Lake bitumen or asphalt, or mixed with 
rock— as, for instance, Cuban Rock asphalt. It can, however, 
be extracted artificially at a temperature of approximately 


350 to 400° C from a mmeral oil, and is usually then called 
a “ mmeral-oil bitumen ” in contradistinction to the natural 
product, though both are derived from mineral oil 

Shale-oil refining provided 52 cases m 42 persons, the 
majority of whom were employed in the so-called paraffin 
sheds where the refined oil is finally extracted at the press 
from the waxy base (Fig 26), but others were in contact with 
the crude or semi-crude oil at the retorts 

Other oil refining Only 4 cases J have been reported from 
oil refineries m which shale oil is not refined, 3 being from 
mineral-oil distilleries or refineries, as pumpman, blender 
and grease-maker, and one from a linseed-oil refinery ; but 
m the latter case the man in question was for 40 years a 
cooper of barrels, 75 % of which had previously contained 
a mmeral oil, and he had been retired for 7 years before the 
disease manifested itself on the scrotum, eventually causing 
death 

Cotton trade This trade provided as many as 1,389 cases 
m 1,330 persons Of the 1,389 cases, 1,296 (or 93 5 %) came 
from the mulespinning room (Fig 27), including 141 persons 
who bad retired and 179 who, after many years as mule- 
spmners, had passed mto other occupations still in the 
cotton trade (94), other textile trades (5), the metal trade (29), 
or mto other fighter occupations (51) In addition, 48 
ex-spmners were, somewhat arbitrarily perhaps, classified 


FIG 23 



From the EmesUneJHtnry Collection 


Strippers and grinders at a carding-engine in the card room of 
a cotton mill, showing dust cloud from brush before the days of 
stripping under exhaust ventilation 

* The case of a man with a keratouc growth ou the hand alter one ) ear’s work 
as a cleaner at a mineral-oil refinery where no cases of the disease occurred before 
or since was classified as more likely to be attributable to his previous cccupauon 
at a shale-oil refinery for 3 years. 
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under other causal occupations (29 m cotton and 1 9 clscw here, 
as shown individually in Tables I and 111) in view of the 
length of time therein and the shorter period in spinning 
If these 4S be added to the other 1,296, the number of cases 
m persons who had at one period (however short) of their 
hies, been cotton mulespinners, would be increased to 1,344, 
thib showing that at least 1 296 (34 5%) or at most 1,344 
(35 8%) of the total number of eases notified since 1920 were, 
or had beai, cotton mulespinners , and that, of tho 1,389 
cases provided by the cotton trade 1 ,325 (or 95 3 %) occurred 
in men who had spent some part of thur working life as 
mulespinners (Fig 27) 

Of the 93 cases in 92 persons clossilicd is other cotton 
workers 29 (including 7 female* S e\ spinners and 2 e\ ring- 
spinners) came from the card room (Fig 28 29) , 16 
(including 6 females and 7 ex-spinners) from the ringspinmng- 
room , 14 (including 1 female and 2 c\ spinners) front the 
weaving shed (Fig 30), 11 were mill maintenance men 
(such as engine tenters mill engineers oilers and gieascrs, 
etc. including 5 c\ spinners), 7 were from the doubling- 
room (twiner-doublers including 5 ex-spinners, and 2 ring- 
doublers) , 7 were cotton mill labourers (such as bobbm- 
camers cop-packers, oil storemen and distributors including 
5 ex-spinners) , others were from the blowing room (3) 
winding room (2, both females), print and dye works (2), 
and the cotton waste trade (2, including a “ dcvillcr ” who 
had been breaking up the waste for 63 years, and a washer of 
oily cloths for cotton mills at a sporgc-cloth works for 29 
jears but even the latter had previously been a mule- 
spmner for 2 jears) 

Woollen trade The wool and worsted trades provided 
only 6 cases 10 of epithelioma in 6 men employed as mule- 
T> rimer, carder, fettler and wdlcycr, mill engineer or wool 
blender and machinery oiler, previously wool comber 

Other textile trades There was one ease of cutaneous 
epithelioma m a man aged 49 who had been employed in a 



Females at slubblng frames in a cotton mill 

ii 

porkers 6 S records of 14 other cases of cutaneous cancer in 

- fettlers) and ( mc ^ U( i m S 2 spinners) 4 on the scrotum (2 spinner 

111411 a 6"d 69 xcv v j aea< ^ and neck, including a rodent ulcer of the nos< 
*34 'wonted ^? cnt S0mc 50 >ears in a woollen mill while a we 

4 fcy dcYelnnM ri. or 26 who oiled looms once a week and spindles 
540 a cancer of the tongue. 
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ute mill in contact with mineral oil for 27 years but went 
nto the army for 6 years and was then in a coalgas depart- 
[lent for 4 years before the epithelioma developed on the 
crotum , and another in a camel-hair belting-Heaier aged 42 
vho had been so employed for 23 years when the epithelioma 
lev eloped on the scrotum, causing death in one year 
Metal working The working of metal may be divided 
nto the production of the raw material in such place* as 
ron-and-steel works, and its subsequent adaptation in 

^STthe^e of one man who had been dipping pipes into 
■oaltar at an iron works for 16 years when an epithelioma 
iDDeared on the calf and another on the right ear coaltar 
STiTdol ripoos.bk but in .h. other 49 (7 of whom 
iad previously been cotton-mulespinners) the causa agent 
vas apparently mineral oil 8 bemg associated with the 
production of the raw material as roller tube-drawer gun- 
mith nut and-bolt maker wire-worker oiler _of 
jlast furnace or engme tenter at an iron and s ed ^orks or 
ircpml and 41 with engmeenng as driller, turner ntt 
Ser presser, polisher machine-setter fitter or engme 

en if r f ,ph, c ies In addition to die wheelwright 
Repair of was one ^ 0 f epithelioma on 

i?years The second of these had previously been a cotton- 
•nulespinner for 8 years m rope -works, one 

aemp for 36 years m ^ cQu , d ^ elicited, 

my proofing, only contaci compound machine 

Another case was of a where only 

at a rope-works defunct) ^ machme 

Archangel tar was used d could not 

the epithehoma which was ^ ^ m 
defimtely be attributed contact with this substance 

question would come mainly man acting as 

The third case was that of a ®"n« ^ ^ 

fimheater and stationary- and Iocomome-c y 
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FIG 31 



from t/ie Ernestine henry Collection 

Woodworking machinery, showing a spindle-moulder 
being operated 


39 years, when the epithelioma appeared on the left side of 
the scrotum, but he had been in previous contact with mineral 
oil as a cotton-mulespinner for 8 years 

Woodworking (Fig 31) An epithelioma occurred on the 
scrotum of a fitter and crane-driver at a sawmill, of a wood- 
turner and spindle-moulder machinist at a cabinet-maker's 
for 37 years who also acted as engine oiler, and of a mill- 
wright at a factory making Venetian blinds 

Coal-minmg A colliery pumpman for 37 years had retired 
for 14 years when an epithelioma appeared on the scrotum. 
An engine-winding man at a colliery ironworks had been 
thus employed for many years when an epithelioma appeared 
on the face 

Brewing A maintenance engineer at a brewery contracted 
an epithelioma of the penis after 42 years of employment 
It may be borne m mind, however, that in addition to lubri- 
cating oil, such a man might well come into contact with a 
bituminous paint so frequently used in breweries 
Match manufacture A storeman at a match factory 
contracted an epithelioma of the scrotum after 9 years in 
contact with mineral oil in the oil stores 
Asphalt manufacture In only one case 4 * * * * * * 11 , in which the 
epithelioma appeared on the face of a firewatcher of the local 
Borough Council for 1 V years, could the growth be reasonably 
attributed to bitumen, as this man had been employed for 
the 22 previous years at an asphalt factory where it was 
definitely stated that only Trinidad Lake asphalt (or bitumen) 
was used 

4 TIME ELAPSING FROM ONSET OF EMPLOYMENT 
TO MANIFESTATION OF THE NEOPLASM 

In recent years, owing to a greater appreciation of the 

significance of so-called “ pitch and tar warts ”, there has 

been an increasing tendency for firms, especially the larger 

« The two other casts in which there was contact with a bituminous paint 

ha\c been ir Jaded under the Leading of coaltar , as there was no evidence 

that cither of them had been in contact with bitumen alone, without the addition 

of coaltar 


gasworks and tar-distilleries in which a periodic medical 
examination has been instituted, to notify cases on the first 
appearance of the growth Treatment by radiotherapy is 
given without entailing loss of working time, and sometimes 
without a previous histological examination Such cases 
are included in the statistics given in this paper unless there 
is definite reason for their exclusion For example, a wart 
may have fallen off before the Examining Factory Surgeon 
sees the patient 

There is a difficulty in attempting to compare the time 
required from onset of employment to manifestation of the 
disease for workers in contact with pitch and tar and for 

GRAPH 2 TIME ELAPSING FROM ONSET OF EMPLOY- 
MENT TO MANIFESTATION OF A CUTANEOUS 
PAPILLOMA OR EPITHELIOMA IN 1,335 PERSONS IN 
CONTACT WITH PITCH, TAR, OR TAR-PRODUCTS 
COMPARED WITH 1,719 IN CONTACT WITH SHALE 
OIL, OR MINERAL OIL 



• ■ • = shale oil and mineral oil 

*■*-- — — = pitch, tar and tar products 

Abscissae = time in years 
Ordinates = number of cases 
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those m contact with mineral oil, as the available data ire 
not strictly comparable in both eases 

I have previously illustrated in a graph tho tune required 
to produce actual malignancy on a particular site (the 
scrotum) in a particular class of operative (tho cotton- 
mulespinner. in contact with mineral lubricating oil) In order 
to make tho graph for pitch and tar comparable with that for 
mineral oil. I havo now added eases on all cutaneous sites 
of all workers in mineral oil who arc known to havo been 
affected, and in addition I havo included any known cases 
in which the growth might still have been in tho prccanccrous 
or transitional stage. For instance, tho mulcspinncr who had 
after 10 years' employment, a kcratotic growth which did 
not assume malignancy for 6 further years, now appears in the 
graph 2 as 10 instead of 16 

The shortest time elapsing from onset ofvvork to manifesta- 
tion of the growth in the 1,335 pitch- or tar-workers was 
8 months in the ease of a papilloma, 10 months for an 
epithelioma (pathologically confirmed) on the forearm of a 
pitch getter at a tar distillery 11 , but previously employed 
above and below ground at a colliery for 38 years, and 1$ 
yean for an epithelioma (pathologically confirmed) on the 
face of a mixer and grinder of pitch in optical lens 
manufacture 

The shortest tune for the onset of malignancy attributable 
to oil m 1,719 shale-oil or mineral-oil workers was 4 years 
in the case of a shale-oil vv orker with a growth on tho dorsum 
of the hand, 8 years for a rodent ulcer on the face of an oil 
pumpman at a mineral oil refinery, and 9 years for a 
squamous-celled carcinoma on the scrotum of an oil- 
storeman at a match works Further, it will be seen from the 
graph that onset of the maximum number of cases m pitch- 


Dr CCR. Downing, of Cardiff who performs a periodic medical exaraina 
Uoa of M tent-fuel workers, his informed me that he has never come across a esse 
oi epithelioma in such workers in under 5 years 


and tar-workers is 20 to 24 years after commencing work 
but as regards shale oil and mineral oil workers it is some 
50 to 54 years Hence it would appear that pitch (primarily) 
and tar are capable ot producing the disease in man more 
quickly than mineral oil 

The maximum time elapsing from onset of work to mani- 
festation of an epithelioma in the case of workers in pitch 
tar or tarry products was 73 years In this case, the man 
was a brick-prcsser who had been in contact with creosote 
for 48 years and who had retired for 25 years before the 
epithelioma appeared on the scrotum and penis In mineral- 
oil workers, there was an epithelioma on the scrotum of a 
shale-oil worker after 40 years, and 75 years elapsed before 
the onset of epithelioma on the scrotum, neck and hand 
respectively of 3 cotton mulespinners, 2 of whom had 
commenced work from 1867 onwards when a lubricating oi 
containing shale oil had been on the market for about 
4 or 5 vears 


* 


such as Dr C C R iJowning, ea Donald Hunter and 

Cardiff, the late Dr W D Jenkin , , jj ave m the 

Dr W J O'Donovan, of the London 

past presented photographs to the p ^ o “ graphs of mdustnal 
Henry Collection ) of P™ts „ resen t in my possession but 
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snme suitable College, Institute or Centre 
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THE ROLE OF ARSENIC IN 
CARCINOGENESIS 

A N. CURRIE, M A , D Sc , M B , Ch B , A R I C 

H M Medical I h sped or of Factories 

Arsenic is a tri valent metalloid of atomic weight 75. and 
specific gravity 5 725 It is pentavalent in some of its com- 
pounds It occurs in the free state but more often is found 
in compound form, e g realgar, which is arsenic disulphide 
(AsjSj), orpiment (As a S 3 ), smaltine, mckeline and mispickel. 
It is liberated from its ores by heating in enclosed metal 
retorts, when the element distils over and is condensed to a 
steel-grey mass of rhombohedral crystals which possess a 
metafile lustre The metal m vapour form has a charac- 
teristic smell of garlic There are three allotropic modifica- 
tions — black, brown and yellow arsenic — and these are said 
to be non-toxic 

The most important commercial compound of arsenic is 
the trioxide, also known as white arsenic, arsemous anhydride 
and arsemous acid It may occur naturally, but is usually 
made on a large scale by roasting arsenical pyrites, when it 
sublimes as a white powder On oxidation it forms arsenic 
anhydride, from which some useful compounds — such as 
lead arsenate — may be obtained 
Apart from its being the starting-point in the manufacture 
of colours, such as Schwemfurth green (copper aceto arsemte) 
and Scheele’s green (copper hydrogen arsenite), it is used m 
association with sulphur m the manufacture of sheep-dips 
Aromatic arsemcals are made principally for use in the 
treatment of venereal disease and some of the inorganic 
compounds have been used for many years for treating such 
skm affections as psoriasis and pemphigus. 

Industrial Arsenical Risks 

The worker in industry suffers an arsenical risk directly 
m the isolation of the element, in the manufacture of its 
compounds, in the processing of these compounds for 
industrial use, and indirectly by such side-effects as exposure 
to fume or dust during the isolation of other substances 
containing arsenic as a contaminant Noteworthy examples 
as regards dust are to be found among the Schneeberg 
miners, and from fume by the accidental presence of arsenical 
impurity m acids used m the nitration of aromatic inter- 
mediates when arsme is evolved 
The risk of pulmonary cancer or other diseases of the 
lungs has been known for centuries in the Schneeberg area 
of the Erzgebirge, where cobalt occurring in the form of 
arsenide (smaltine) has been mined Nowadays, the minin g 
of bismuth has ousted cobalt, but nevertheless cases of 
pulmonary cancer still occur, and arsenic is still a factor 
among others to be reckoned with 
In 1879, Haerting & Hesse (1879), defining the malignant 
nature of the Schneeberg lung came to the conclusion that 
the inhalation of arsenical dust was the major cause of the 


condition , but other writers. Osier, for example, maintained 
that cobalt was responsible for neoplastic change Rostoki 
Saupe & Schmorl more recently (1926) examined 143 miners 
in a random sample, 176 workers of the blue colour factor} 
of Oberschlema, and 120 persons from the local population 
outside the mining and factory areas Among the miners, 
29 showed radiographically a clear pathological condition 
of the lungs, 17 pneumoconiosis, 4 tuberculosis, and 3 
tumours Rostoki et a! (1926) considered that the active 
irritant was arsenic and maintained that it was capable of 
producing tumours 

A typical analysis of Schneeberg mine dust gives 


Silicic acid 50 00% 

Alumina . 14 65% 

Ferrous oxide 7 50% 

Calcium oxide 1 2 85 % 

Cobalt arsenide 0 19% 

Nickel cobalt . . . 0 08% 


In the Schneeberg mines, as in Joachimsthal, radioactivity 
is pronounced, both the air and water of the mine being highly 
charged with radioactive particles, and the view is gaining 
ground that radium and its products, either alone or m 
conjunction with arsenic, can cause carcinoma of the lung 
Some investigators would go so far as to deny arsenic any 
role in the etiology of this distressing malady, in which the 
course of the disease may be fatal in as short a period as 
6 years from onset Post-mortem, the lungs may show the 
presence of a simple carcinoma, perhaps an occasional 
lymphosarcoma, carcinoma of the pleura, of the bronchial 
glands and sometimes of the ribs, but only rarely. The period 
of contact with mine dust before onset of disease varies from 
10 to 20 years, and there may be a lag period of several years 
after giving up mine work The hewers are chiefly affected, 
although cases occur m mine masons and labourers Hyper- 
keratoses of the palms of the hands occur in the men washing 
cobalt ores These are suggestive of the condition of the 
palms following the internal administration of arsenic in the 
treatment of skm diseases 

In Britain, there is no record of the occurrence of lung 
cancer among the Cornish tin miners, who are definitely 
exposed to an arsenical risk, although J Ayrton Pans, a 
physician practising in Penzance during the period 1813-1817, 
maintained that arsenical fumes from the smelting works 
occasionally caused scrotal cancer similar to that affecting 
chimney sweeps Careful inquiry earned out later in this 
area disclosed no evidence m favour of Paris’s claims In any 
case the scrotum is a site very rarely attacked by arsenical 
cancer Out of 75 cases reported m the literature only 4 
were scrotal 

The first hint in Britain that arsenical dust might possiblv 
damage the lungs was given by the late Sir Thomas L^g2 e 
(1903), when he described a condition of irritation of the 
upper air-passages coincident with keratosis of the skm and 
pigmentation These cases occurred in a factory m England 
engaged in the manufacture of sheep-dip from white arsenic 
and sulphur 

Pye-Smith (1913) collected 31 cases of arsenical cancer, 
among which were included 2 (skm) in sheep-dip workers 
Merewether (1944) described a fatal case of pulmonary 
cancer in another worker, and recorded 3 similar cases 
notified m the previous 5 years 

I have records of a fatal case occurring in an English 
sheep-dip factory in a worker 55 years of age who had been 
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exposed to arsenical dust during a period of 43 years Post- 
mortem examination of the right lung shotted that tho upper 
lobe had been replaced by a tthito neoplasm 2 in. by 2 in 
[5x5 cm.] approximate!) , involving pleura and extending 
around subclavian vessels Tlie growth was necrotic and 
continuous with a large, ragged, ulcerated area in the base 
of tha upper lobe, which contained recent blood-clot. This 
co mmunica ted with the mam bronchus The lower portion 
of right lung showed advanced bronchiectasis, and all 
bronchi wero filled with recent blood-clot Tlie left lung was 
congested and emph>scmatou$, and there was no growth 
in it. 

On the skin a number of scattered, small sliglitly raised 
light brown, rounded areas approximately 3 mm diameter 
could be seen through the post mortem staining on tlie 
shoulders, upper chest walls, and upper arm There was a 
slight scaling of the skin on the outer surfaces of both arms 
There was no ulceration or perforation of the nasal septum 

Thesccuons of lung and bronchial lymph glands revealed 
a columnar-celkd adenocarcinoma in which there were Icss- 
differcnUated areas and polygonal cell growth and some 
necrosis. 

Three cases of cancer of the skin — one of which was 
complicated by the presence of pulmonary cancer — have 
been noted among British arsenical insecticide workers during 
the last 18 yean and there can be little doubt that arsenic 
is a contributory factor among farmers gardeners and 
nurserymen who handle anenical pn.p irations extensively 
and who may use areemc-contammaled materials such as 
soot and fertilizen 


The “Arsenic Theory ” of Other Forms of Industrial 
Cancer 

Klhe common industrial cancers arc (i) mulcspinncrs’ 

, (a) shale cancer , (ui) pitch and tar cancer , 
fiv) cancer of the urinary bladder 
The first type is prevalent in Lancashire among operatives 
engaged in oiling the mule-spindles with mineral oil The 
ongn of the earlier cases has been ascribed to the shale oil 
use ” , w hich wa - 5 well known to have a carcinogenic action 
on the workers who processed it in the shale-bearing belt of 
I™') Tho scrotum is commonly affected, and in 
tiand chiefly the arms and legs Pitch and tar cancer 
, “^wherever P ltc h and tar are extensively and continuously 
ed and affect face and neck, chest back, arms legs and 
inciiw" ^ ancer of the urinary bladder is noticeably 
dene 1"""* wor kers handling such substances as benzi- 
' 1 P' na Phthylamine and aniline in the manufacture of 
‘wermediate dyes 

heln'i t ^ Cr v somet Ti in S common to these various irritants that 
has hJ* bnng al30ut rhe same end-results 9 This question 
n P rov °oative of much thought, and several mvesti- 
chamn, Ba yet & Slosse (1919) have become the 

‘ft^wons °f ^ arsemc theory 

coal hm mV f Stlgators f° un( i arsenic not only in the virgin 
workers aS ° m blood hair and urine of briquette 
canc er and" 1 ^ rf ltCb They claimed that pitch- and tar- 
with arvn , ustria i cancers, generally were synonymous 
b> cancer ^ cancer This theory has been largely rejected 
1 that “ West| gators, among the reasons being 

ome Practically arsenic-free tars can cause cancer 
m mice 


ii coal hewers do not show a higher incidence than the 
general population 

in the keratoses of palms and soles are not typical of pitch- 
or tar cancer, or mulcspinners cancer 
iv dibciuanthraccnc compounds of carcinogenic potency 
have been isolated from tar 

So far as cancer of the urinary bladder is concerned, there 
might have been some support for their thesis 30 or 40 years 
ago, when this type of cancer was mainly associated with the 
manufacture of magenta This is one of the earliest of the 
artificial dyes and was originally obtained by oxidizing with 
arsenic acid a mixture of aniline, o- and p toluidine To avoid 
die arsenic risk nitrobenzene hydrochloric acid and iron 
filings have been introduced as the oxidizing material, the 
nitrobenzene acting as oxidant and the ferrous chlonde as 


Cases of cancer of die bladder, as already mentioned have 
been associated with the manufacture of benzidene and 
*3 naphthylammc In this process animations or reductions 
of nitro to amino groups may have to be made, using metal 
and acid as a reagent. The acid may contain arsenic as a 
contaminant During the reaction it is changed to arsine 
gas, vv hich is remov ed by local exhaust ventilation It is thus 
obvious that arsenic can no longer be an etiological factor, 
since cases of bladder cancer still occur even with new 
techniques which practically eliminate the possibility of 
dispersion of arsenic in industrial processes , 

Mulespinncrs’ and shale oil w orkers cancer axe ultunately 
referable to the common contact of shale oil and it is 

experience of paraffin workers cancer, on Bayets the ry 

H - s 

similarity to arsenic condl “°^?L la to arse mcal conditions 

state, but shovving more r^mton« to ^ {he 

m the effiome types , butneverth I aiS£mca , polsomn g 

se, » »c„ = ^“r 0 ?»*s: 

supply later mention . mfimtesunal concentra- 

.0 1 = 01 . ='**'= «* 

nf industnal cancers 


Medicinal Arsenic Cancer 

PraOT“»““ n ■ 

S m sites which are ^ ^jae of the nipple 
S^StfStid m P reiS ^ e e 0 S |S to be sLm d There may 

<>r <*■»« to “"“ 

elangiectases „ n teworthy features associated 

» keratoses are the most note ' v f or ^ cenzatl on These 
the intermediate P r °““L d [ les and are regarded as 
lonly occur on thepatos and I chara ctenzed by 

non ™ mo m 
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On the hands they frequently occupy the thenar eminence 
and the lateral borders and the back of the fingers, especially 
over the phalangeal joints On the feet they occur on the 
heels and toes and may be confluent, giving the skin a 
leathery appearance 

These keratoses, which may be found on any part of the 
cutaneous surface, occur in about 80% of the collected cases 
of arsenical skin cancer Sometimes they remain stationary 
or regress, and sometimes, after a long lag-period, physical 
change, such as Assuring with infection, takes place and the 
keratotic areas assume malignancy Ulcers with hard 
pearly borders appear on the site of the fissures, and these 
gradually extend and invade the neighbouring tissues They 
show little tendency to heal These ulcers, almost invariably 
of squamous-celled type, are especially to be found on the 
fingers, palms, heels and toes Histochemically, arsenic is 
demonstrable in the affected tissues 

Cancer has occurred in several cases in psoriatic patches 
treated medicinally during a long period with arsenic, and 
it has been assumed that the condition of psoriasis, although 
perhaps predisposing to the ultimate effect, did not play a 
causal role 


In the collected cases of arsenical skm cancer, over 50% 
have occurred in psonatics, but a considerable number 
developed in subjects treated for acne, pruritis. pemphigus 
dermatitis herpetiformis, the various anaemias, bronchitis and 
asthma, where the intermediate preparative condition 
rendering the tissues liable to subsequent neoplasia-inducing 
insult was one of keratosis The high incidence of canccf 
among psonatics has led some investigators to the conclusion 
tiiat psonatics are predisposed to skin cancer, quite apart 

, arSemc admuuste red m their treatment Arsenical 
epithelioma may occur in skm which has not undergone a 
keratotic preparation K a 

Jonathan Hutchinson (1887) described 5 cases of skm 
cancer supervening after arsenic medication for psorSis 
over a long period In all cases a local keratosis had preceded 
the cancer Earlier cases had been described by oS 
investigators, but these authors did not associate Arsenic 

7 th the ultimate neoplastic condition It is held 
that trivalent arsenic is mcriminable in the development of 
malignant change, and that the pentavalent variety has little 
or no effect in stimulating cell-proliferation The cacodylates 

mS a but Pe ther V e ent ’ have J een frequently used as medica- 
ments. but there is no evidence to show that they have 
exercised a carcinogenic action y e 

ntw thC ,, COlIeC i ted CaSCS ° f arsemcaI skm cancer developing 
after medicinal treatment with arsenic, it has been noted 

among over 140 cases, that exposure to arsenic during 
treatment varied from 6 weeks to more than 30 years and 
m the great majority of cases cancer resulted only after the 
drug had been administered for a verv long ngr.L 7 
30 years although there have 

the exposure was of short duration The average total 

s n »T?r d r each m ™ ° f £*» <>f 

Bowen, in 1912, described a skin affection with a typical 
epithelial proliferation as a new type of nrecancemm 
dermatosis It was marked clinically by SoSTSSS 
elevated papules of dull-red colour, covered with sedy crusts 
and arranged m groups Histological examination disclosed 
a neoplastic process with abnormal keratmization and 
amitotic cell-division produemg giant cells The neoplastic 
process may remain intradermal, but in about 20 % of the 


cases an infiltrating and metastasizing squamous cell cpithe 
lioma develops Many investigators alleged that Bowen’s 
disease was duo to arsenic, but Montgomery (1939) stated 
that in his 5 cases of Bowen’s disease, arsenic was not 
administered nor were keratoses nor pigmentation present. 

Kennaway (1925) reviewed the distribution in 38 cases 
published up to that time These were mostly of medicinal 
origin. He confirmed a well-known tendency of arsenic to 
affect the fingers and toes in contrast with cancer in tar, 
pitch and shale-oil workers, in whom the parts particularly 
affected are the scrotum, head and neck Among 75 arsenic 
growths in 38 patients, 46% were located on fingers, legs, 
feet, toes and trunk, 23% on arms and hands, 23% on 
scrotum, penis, head face, neck eye and eyelid, 8% in other 
parts Kennaway criticized the assertion of Bayet & Slosse 
(1919) that the scrotum and its neighbourhood are the 
favou nte sites for arsenic cancer 

Non-industrial Arsenical Intoxication 

Cases of arsemcaI intoxication, in some instances developing 
cancer, have been described as occurring in Reichenstem 
(Silesia) and Cordoba in Argentina, owing to the relatively 
high concentration of arsenic in the public water-supply 
In Reichenstem, 1 22 mg % of arsenic was found in one 
water sample In Cordoba some of the drinking wells 
contained 0 45 mg % arsenic Some 65 cases of skm cancer 
have been reported m the latter area, and these presented all 
the major characteristics of medicinal arsemcaI cancer 
The Reichenstem cases are not so well authenticated but 
it is interesting to note that, in addition to the classical signs, 
perforation of the nasal septum was often observed 
Reichenstem cancer has largely been conquered by the 
supersession of crude smeltmg methods by modem techniques, 
so that the town, with its new water-supply and freedom from 
airborne arsemcaI dust, can now boast that its public water 
contains only 0 0015 mg % of arsenic 

Experimental Findings 

Many experiments have been carried out on various 
animals during the last 25 years m an attempt to shed some 
light on the mechanism of arsemcaI carcinogenesis 
Leitch & Kennaway (1922) skm-pamted a batch of 100 
mice with a 1 8% alcoholic solution of potassium arsemte 
This preparation, which was later reduced m concentration 
to 0 12%, was applied 3 tunes dady After 86 days, a tiny 
wart appeared at the site of application among one of the 
few survivors A second wart developed a fortnight later, 
and histological exammation showed it to be a squamous- 
celled epithelioma 

In a second attempt, Leitch (1923) could not elicit any 
carcinomatous response in his animals It is possible that 
the chief factor militating against the success of these experi- 
ments is the high toxicity of the arsenic salt, which does not 
permit the animal to live long enough for its tissues to be 
precancenzed 

Other investigators, eg Lipschutz (1924) and Raposo 
(1928), produced hyperkeratosis and hyperpigmentation, 
but no obvious malignant change 
Feeding animals with arsenic salts produced the same 
indeterminate results, although parenteral injections m mice, 
chickens and rabbits produced sarcomatous changes 

Continued at foot of page 405 
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The correlation of occupation with incidence of disease 
often a matter of conviction in the minds of medical observers 
in daily contact with the affected persons may be very 
difficult to demonstrate by statistical or experimental 
methods This is the more difficult if the disease in question 
is clinically not distinguishable from that occurring m the 
non-industrial population The matter becomes easier if 
the occupation involved is associated with processes in which 
the affected persons have been exclusively engaged for a 
sufficient time Clearly, if the numbers of workers in such 
processes are known and the incidence among them is 
recorded some certainty as to the occupational nature of the 
disease can be reached by suitable comparison with the 
incidence in the general population allowing for such 
factors for example as age and sex 


In the particular held of bladder tumours an attempt was 
made by Henry kenntway &. Kennaway (1931) to detcri ™°® 
such correlation by examination and anal's of death 
certificates of cases of cancer and papilloma of the bladder 
,n both sexes and of cancer of the prostate in England _and 
Wales in 1921 and 1928 Calculations were made of the 
deaths that would be expected in a considerable number of 
ditFcrent occupations, the populations of which were arranged 
m quinquennial age groups and these ^re cornpared with 
ih, actually registered deaths Inevitably, difficulties were 
ma with in establishing the populations at risk m sampling- 
errors. and in obtaining detailed information of clinical and 

^rt^rrggestivc evidence was ob * ine * ^ 

rrr* » - 

soot there is a greaiei , tQ ^ known presence 

of n <mrcinogentc hydrocarbons in these materials, some such 

a U sSr n M 

: “ 1 S as n\rmrcCSrtSsr;J: 

that this article will treat 

1 CAUSAL AGENTS 

The condition has reborn 

workers cancer “ d a ™^“ n T hus aniline ,s certainly 
able objections to afi nunonty of dye-workers are 

n0t ^ t°o ffie'nsk ‘ » “r ’’ is too broad a term 


arsenic and carcinogenesis 

Continued from page 404 

Arsenic has also been combined with tar in a group of animal 
expenments with a view to studying its influence on ttl ® 
of tar-cancer, but the results do not admit of a clear-cut m m 
tation, some experimenters indicating that it has a r turns 
action on tar-cancer growth, others the reverse Carre t - / 
injected chickens with a mixture of embryonic c ““f n c ? 
and arsemous acid Of 16 chickens 4 developed spindie- 
sarcoma after a few days, and the tumours contained a 
hke filterable agent which may or may not have been pro 
by the arsenic . , 

As other investigators produced sarcoma after the mj 
of embryonic pulp alone the influence of arsenic is nega > 
and it is possible that a virus contaminant had entereo 
Carrel s experimental animals 
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Conclusion 

It ,s difficult to assess thefimction arsernc m themodimuon 

of maUgnant change lt may act^s a £ 0n the 

imtant directly stimula B P cffe c t on cell oxidation, it 
other hand, because of its proloim^^c^ breakdown liberating 
may bring about an jntraceUulg cn^ ^ producc cancer expen- 
organic substances whi cijg of their evolution 

mentall> malignant 

or may be transported to d^mt parts development 
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be the precursors of carcmogemc 

aromauc hydrocarbons 

Leitch A & Kennaway E L (1922) Bn/ med J 2.1107 
Me re wether^ iPr^a'u ^"hep^Inlp Fact Wksh Lend 

sss? ? tizs&nryttP** s 


405 



O CCU PA 1 IONAL CANCER OF THE BLADDER M \Y G, kb, ait 


are enormous numbers of orgamc ammo compounds which 
are certainly not involved in the causation of the disease 
A considerable number of compounds employed m the 
synthesis of orgamc dyestuffs has been suspected as being, 
or giving rise to, carcinogenic agents, but hitherto only 
£-naphthylamine has been found experimentally to produce 
tumours localized exclusively in the bladder (Schar, 1930 , 
Hueper, Wiley & Wolfe, 1938 , Bonser, 1943) 1 
The last-named worker used purified jS-naphthylamme 
and has left no substantial doubt that this compound is a 
bladder carcinogen, although it is not as yet established 
whether it acts as such or as a precursor of the active 
carcmogen 


Aniline was held to be a bladder carcmogen by continental 
observers before it was apparent to British and American 
students of the disease It is notable that m Britain and in 
the USA cases attributable to exposure in the manufacture 
of aniline are relatively very rare This may be due to the 
conditions of manufacture, especially plant design Aniline 
cases in our experience have arisen rather in the use of the 
base for other manufactures than m the production of the 
base itself Experimental proof that aniline is carcinogenic 
is not extant 

Benzidine has not been shown to be a carcmogen in 
annual experiment, but clinically it is a potent cause of the 
disease (Berenblum & Bonser, 1937 , Kennaway, 1924) 

Much discussion has centred on the question of the possible 
carcinogenicity of a-naphthylamine, but the trend is to 
attribute such cases as have occurred among workers engaged 
o manu ^ ac ^ ure this base to the significant proportions 
ot p~naphthylamine present m it as an unavoidable impurity 
This arises from the fact that the nitration of naphthalene 
yields not pnly «-mtronaphthalene but also a small propor- 
tion (up to 5%) of the isomeric 0-mtronaphthalene and 
hence, on reduction, a corresponding amount of /8-naph- 
thylamine Experimentally, u-naphthylamme has not been 
shown to be a carcinogen That other ammo derivatives 
have been shown to produce bladder tumours in animals is 
well-known, e g 4'-ammo-2 3' azotoluene, 2,3' azo- 
toluene, but these tumours have been associated with 
additional tumours in other situations, whereas it is one of 
the remarkable characters of the disease as seen in industry 
that it is almost exclusively a disease of the bladder Similar 
remarks apply to the recent interesting findings with 2-acetyl- 
ammofluorene which, fed by mouth to mice, led to benign 
and malignant tumours in the bladder, the liver and the 
uterus (Wilson, DeEds & Cox, 1941 , Bieischowsky, 1944 , 
Armstrong & Bonser, 1944) - 

The common factors m those compounds which, in 
industry, are responsible for the disease are 


i they are basic 
n they are aromatic 
m they are primary amines 

The basic character is of great importance, for all the evidence 
points to the innocuous nature of the salts and the sulphomc 
acid derivatives Whether this loss of carcinogenic activity 
is due to solubility, and presumably more ready excretion 
or to some fundamental inhibition of the potent part of the 
molecule, or to some modification of metabolic changes 
which are essential to a transformation of the base to a 
carcinogenic molecule it is not possible at present to say 


» [See also article by G M Bonser (BUS 973) m this number —Ed ] 

* [Sec also article bj F Bielscbonsicy (BUB 974) in this number— Ed ] 


Loss of basic properties is, of course, well known as greatly 
diminishing even the acute toxicity of aromatic amines 
e g. the sulphomc acids of aniline do not produce methaemo 
globm in vivo and the hydrochlorides of, say, chlor-toluidines, 
are quantitatively much less toxic than the bases. 

Again, the integrity of the amino group appears to be 
necessary for the carcinogenic effect. Whereas some 
American investigators regard substituted naphthylammes 
with some suspicion, eg phenyl-„-naphthylamme and 
phenyl /i-naphthyJamme, no cases clearly attributable to these 
compounds have been reported Large quantities of com 
pounds of this kind are manufactured for the rubber industry, 
but cases among workers exposed to considerable dust of the 
final product over many years do not appear to come to light 
Experimentally, neither of these compounds has shown 
carcinogenic properties (Shear, quoted by Hartwell) 

,The association of aniline with occupational bladder- 
tumours led some writers to throw suspicion on diphenyl- 
amine In our experience, workers exposed to this compound 
appear to suffer neither acute nor chronic effects Animal 
experiments confirm this Nevertheless, Miiller (1933), in 
his list of 59 cases, gives diphenylamme as the cause of the 
“ fragliche Schadigung ” leading to a bladder carcinoma 
Alkyl derivatives of aniline (mono- and di-) have not, as far 
as we know, ever shown themselves to be carcinogenic even 
after years of exposure to them. On the other hand, acute 
symptoms of methaemoglobmaemia follow considerable 
exposure to these derivatives 
No suspicion that compounds other than aromatic are 
involved in the causation of cancer has ever arisen Aliphatic 
primary amines are relatively much stronger bases, but no 
association with the disease has ever arisen either in the 
manufacture or use of these compounds The complex 
polycyclic aromatic carcinogenic hydrocarbons do not show 
experimentally any tendency to select the bladder as the sole 
organ of attack, although it may be attacked m common 
with other organs 

The position of azo derivatives m the production of the 
disease is a matter of some doubt This is, in part, due to the 
fact that workers engaged m the manufacture of azo com- 
pounds must come into contact with primary amines and it is 
therefore difficult to identify the responsible agent when a 
case of bladder tumour is detected 
Some recent work by Elson & Warren (i 944) is suggestive 
in the particular case of azobenzene, which they found could 
be partly converted in rats to amhne and a water-soluble 
derivative readily convertible to benzidine by dilute acid 
The present position, then, as to the causation of these 
tumours m the dyestuffs industry, is that £-naphthylamme 
and benzidine are certainly causes, amhne and u-napbthyl- 
amine are possible, perhaps probable, causes In our present 
state of knowledge, other compounds may be suspected, 
but clinical evidence and experimental support are not 
available 

2 INDUSTRIAL PROCESSES CONCERNED 

Since the injury which later manifests itself as a bladder 
tumour occurs in the course of manufacture, it will be useful 
to refer briefly to the nature of the processes involved 
It must, however, be pointed out that cases have occurred 
, n dyers who have handled certain of the amines for the 
purpose of the preparation of an azo dyestuff for immediate 
use m the dye-bath 
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a. u-Naphthj famine 

This is prepared by nitration of naphthalene, with the formation 
of c mtro-naphthalcne and a small proportion of £ mtro- 
naphthalene. Conversion to the amine is cither by reduction 
with Fe and HC1 or by hydrogenation with hydrogen under 
appropriate pressure In either case a proportion of /3 naphthyl- 
amine is present m the final product By distillation, the amine 
is made available for the process of flaking, which yields a dr\ 
product readily giving nse to considerable dust In modern 
plant considerable efforts arc made to prevent 

1 Jk® evolution into the atmosphere of fume from the stills 
u The emission of flake and dust from the flaking machine 
and from the containers (drums) into which the product 
is discharged 

Formerly, before the hazard of this manufacture was fully 
appreciated the product was distilled and run off into open 
Duckets which, after cooling in running water, were inverted 
me solid truncated cone ot amine was then broken into con 
venient lumps In the course of years this led to a considerable 
number of cases of bladder tumour 

Thus, briefly, there arc two distinct aspects of the process — 
(i) nitration and (n) reduction and distillation 
„ ^ s0 for ^ it is possible to speak of " miration men " and 
reduction men ", clinical observation and control indicate 
that the liability to bladder disease is confined to the latter 
such compounds as naphthalene and mtro-naphthalcne being 
innocuous as far as bladder tumours are concerned Whereas 
in former times the base was taken from the plant by hand 
o other points, for the production of such compounds as 
naphthiomc acid, the more modem plants transfer the 
molten base through heated pipes to the sulphonators without 
the necessity for emergence of the base There remains, 
owever, a significant number of processes which require the 
separation of the base and, inevitably some degree of 
exposure of workers to the dust (mainly) of the product 

b /J-Naphthylamme 

ih3?'^r nanu ^ ; J ct , ure °f this compound is more complicated than 
whirl? 1 °' na PbthyIamme The starting material is /J-naphthol, 
cnlkhTi 13 sub J cc ted to the action of ammonia and ammonium 
camrr ^^utoclave The ammonium sulphite acts as a 

arner oftheNH, group thus 
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naphthyl ammonium sulphate 
j ♦ (nhJ oh 
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0NH 4 
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separation and washing of the naphthylarrune are followed 

by distuiauon and flaking. 

the animation can also be effected m the vapour phase by 
ni m k P' na Phthol and ammonia over alumina at high tempera- 
rnres, but we are not aware that this process is used in Britain 
‘ir^hazard of the process lies in evoluUon of fume and liberation 
nLv,a dust. Except the amin e (and possibly some di- 
whV?iT iylai u me ^* diere is no compound appearing m this process 
men can be suspected of potenUal carcinogenic activity 
Many cases have occurred among workers in this process 
mce all the evidence points to the base as at least part of the 
cause of the disease and since the mam use of the compound 
is to prepare from it certain innocuous sulphomc acids, 
efforts have been made to prepare the naphthylamine 
sulphomc acids by starting from a sulphonated 0-naphthol 


and animating at a later stage Mflller (1945) states that this 
has been done m Basel with good results It has been stated 
that similar efforts have been made in Germany 


c Aniline 

The large-scale manufacture of aniline in Britain is carried 
out by first nitrating benzene and then reducing the nitro- 
benzene to the amine with Fe and HC1, the latter m quan- 
tities much smaller than seems to be required by any simple 
formulaUon of the reaction The original report of cases of 
bladder tumours m dyestuffs workers (Rehn, 1895) described 
the latter as having worked in the manufacture of fuchsme, 
which involved the oxidaUon of a mixture of aniline, oriho- 
and para toluidine But it is probable that these men were 
exposed to other aromatic compounds Since that time 
cases attributed to aniline and its alkyl homologues have 
appeared in the Continental literature, but the rarity of eveu 
suspicious cases in USA and m Britain is possibly due to 
the maimer m which the manufacturing operations are earned 
out and to the design of the plant 
It seems justifiable to say that the plant-design and plant- 
conditions (ventilation for example) are m general, such m 
Bntish and USA aniline manufacture that cases of bladder 
tumour attnbutable to this compound are rare 
Nitrobenzene, always noticeable m the atmosphere of an 
aniline plant, is not carcinogenic 


cL Benzidine 

This compound is manufactured by various processes each 
of which has given rise m greater or less measure to cases of 

bladder tumour , . 

1 A method widely used is to react nitrobenzene, with or 
without organic solvents, with strong caustic soda solution and 
one dust, when, under careful control of temperature and 
avoidance of excess zinc, the nitrobenzene is reduced to bydrazo- 
benzene with the intermediate formation of azoxy benzene and 
azobenzene The hydrazo is separated and can now be con- 
verted to benzidine hydrochloride by the addition of ice and 
concentrated HC1 By suitable variation of conditions the 
mono- or di-hydrochlonde can be produced, and passes into the 
oaueous layer In addition to the benzidine hydrochlonde, 
significant amount of diphenylene hydrochlonde (2-4 diamino- 

% h eMd^e f bSfi formed by precipitating the sulphate and 
b as Tying with soda ash. The base is filtered off and can either 
te dned or, to obtain a pure benzidine, distilled m .vacuo 
Having regard to the recognized carcinogenic action of the base, 
the trend m manufacture is to reduce the quantity of base 
produced to a minimum, and to use the hydrochlondes in the 
subsequent manufacture of the dyes 

-> A second method is to reduce nitrobenzene electrolytically 
m "the presence of alkali and a solvent for the hydrazobenzene 

th TTie 0 senes of changes occurring in this reduction is somewhat 
complex and the particular end-product obtained depends upon 
the adjustment of conditions m which side-reactions take place 
between the products of the electrode processes Thus, at the 
cathode, the electrochemical reduction, depending on tne 
rvrnrpp.ris thus 


^ >MO -> < ( ) >NHQ-1-»< C 


each product depending for its appearance or its interaction with 
other products on the physical condition in which the reduction 
is occurring The mtroso stage is, in any event, completed vet> 
quickly, as its good depolarizing properties promote its rapid 
reduction 
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In suitable alkaline conditions, and with a properly chosen 
high over-voltage cathode, and with suitable solvents, the 
phenyl hydroxylamme is involved in side-reactions as well as 
reductions giving rise to azoxybenzene, azobenzene and hydrazo- 
benzene, the two former being further reduced in the same 
conditions 

The transformation to benzidine is then carried out as m the 
zinc reduction process The proportions of aniline and dipheny- 
lene formed are removed by salting out the benzidine, the 
former compounds being left in the mother liquor 

3 A third process, used mainly on the Continent, is to apply 
the reducing action of a sodium-amalgam-alcohol system to 
nitrobenzene, whereby hydrazobenzene and some proportion 
of diphenylene and azobenzene are produced 

The subsequent transformation to benzidine is as shortly 
described above 

As has been said each of these benzidine processes has in 
varying degrees led to the development of bladder disease m 
workers and, whereas the compound generally held to be 
responsible is benzidine (the base rather than the hydro- 
chlorides), some consideration must be given to the possibility 
that the intermediate hydrazobenzene and the less-reduced 
form, azobenzene, may be involved 

Nitrobenzene and the other reagents do not come m 
question Of the properties of diphenylene (2-4' diamino- 
diphenyl) we know nothing Generally, it is held that 
hydrazobenzene is not carcinogenic, this view being based on 
statements that “reduction men” have not developed 
bladder disease But this, even if accepted, is by no means 
equivalent to saying that the hydrazo-compound is innocuous 
The fact is that, in the older plants, hydrazobenzene was 
readily m evidence whether ( 1 ) at the filters m the zmc process, 
or (n) m the alkaline fine spray as well as at the filters, in the 
electrolytic process, and (m) at the filters in the mercury 
method That hydrazo spontaneously decomposes m the 
conditions m which it is likely to be found about a plant is 
certain 


< >H— HN< >-><"> N-N < X >NH, 


Thus, those who know aniline to be carcinogenic and who 
know that azobenzene can, at any rate in the rat, give rise 
to aniline, cannot fail to regard hydrazobenzene as a potential 
menace It has been stated by Auler (1937) that painting 
the skin of rats with hydrazobenzene elicited tumour develop- 
ment This did not result, however, with mice or rabbits 
This is a rather remarkable observation, if it can be con- 
firmed, having regard to the complete failure by others to 
produce skin tumours with compounds known to be potent 
bladder carcinogens Naturally, the degree of exposure of 
workers to the hydrazo compound was, even in the undesirable 
conditions of former years, not as intense as it was to 
benzidine itself and the conditions for its absorption were 
not so marked For the former is present mamly m a wet 
form and is not dried or distilled, whereas benzidine was 
either dried or distilled and offered good conditions for 
absorption The known great differences m susceptibility 
of men to the development of bladder tumours must make us 
pause before asserting that hydrazobenzene is innocuous m 
this respect In our present state of knowledge, we take the 
view that the manufacture of benzidine should be regarded 
integrally as a hazard from start to finish and that the base 


should be prepared only if the plant design is such as to pre 
elude absolutely any maintained contact with, or exposure to, 
dust of the final product 


3 ACUTE BLADDER IRRITANTS NOT ASSOC1ATFD 
WITH CARCINOGENESIS 


In the industries m which the carcinogenic aromatic amine 
bases are made or used, many other compounds appear 
which, whilst not as yet known to exert an influence on the 
bladder that may later manifest itself as tumour formation, 
certainly attack the bladder Among these there are mtro 
compounds, amines, chloramines, mtro-amines, phenols 
diamines, chlor-mtro compounds, and derivatives of amides 
These compounds m general act acutely if a sufficient 
exposure and absorption have occurred Signs and symp- 
toms are overt, and appear to be completely removed with 
suitable treatment and removal from exposure for a time 
For example, an untreated splash of o-toluidme or hot 
p-chlor-amlme on the skm may in a few hours lead to the 
usual signs and symptoms of methaemoglobmaemia, followed 
by an intense haematuna as evidence of an acute haemorr- 
hagic cystitis, which can be confirmed cystoscopically 
The vapour of 5-chloro-o-toluidine can give rise to a 
fulminating haemorrhagic cystitis, and is notorious on this 
account m the dyestuffs industry, outbreaks of this condition 
having occurred in a high proportion of workers m unsatis- 
factory plant and conditions 
Acute aniline intoxication of moderate degree can give 
rise to symptoms of bladder natation and, on occasion, 
haematuria The mild cyanosis (due to nitrobenzene or 
aniline) frequently encountered m workers on aromatic 
mtro and amino compounds is not usually accompanied by 
bladder signs or symptoms But the number of workers 
in the orgamc-dyestuffs industry whose urine has at one time 
or another presented microscopic evidence of cystitis or of 
an irritant process in the bladder is high The difficulty of 
following up the remote sequelae of such bladder effects lies 
not only m the fact that workers do not always remain m the 
industry, but also in the fact that they are not in general 
retamed in the same process or operation, and so aje exposed 
to a great variety of compounds 
Such compounds as a - and jS-naphthylamine do not 
produce the acute symptoms of methaemoglobinaemia 
Experimentally they do not do so even in very big doses, but 
benzidine, which is relatively very toxic, causes methaemo- 
globinaemia m the ordinary laboratory animals (not the 
rabbit, m which we have never been able to produce 
methaemoglobm with any agent) It is certain that, with 
benzidine, the daily absorption, which is enough to lead 
ultimately to a bladder tumour m man, is not enough to 
produce symptomatic cyanosis 


Cases such as those described by Muller (1933) must be very 
rare These were 2 men, aged 22 and 34, who successively 
replaced another worker (engaged in grinding 0-naphthylamine) 
who had developed bladder carcinoma Each of these 2 men 
:ontracted severe haemorrhagic cystitis in a week Cystoscopy 
showed extensive congestion of the bladder mucous membrane 
md isolated areas of necrosis, the latter a remarkable finding 
after so short a time of exposure Both men recovered in a 
short time and were transferred to other work The expenmental 
inalogue to Muller’s cases is given by Bonsers (1943) dog 
S on a daily dose of 150 mg ^naph hylamme, developed 
laematuna in 3 weeks, and by Engel’s (1924) dog which de- 
Hernia freauency and haematuna in 2 days after 

SS&ST 'SeSoTSfVs g. 0-naphtbylannne Wharaa. 
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Mllllcr’s eases may be presumed to have arisen from a massive 
and sudden absorption of the amine, other cases arise where, 
without any notable difference of working conditions, a sudden 
haemorrhagic cystitis makes its appearance 

One such case came to our notice in 1937, when a worker in a 
benzidine plant suddenly developed an acute haemorrhagic 
cystitis The haemorrhage was such that cystoscopic examination 
was impossible The bladder was inspected directly but no 
tumour was found tho bleeding was controlled and recovery 
was uneventful No recurrences or signs of tumour m this 
patient have arisen in the intervening period of some 9 years 
Engel (1924) refers to 2 cases of this kind among workers in 
JJ-naphthylaminc and 1 case among workers in a naphthylaminc 
and other products, all of whom developed papillomatosis 
in 2 or more years 

It is very difficult to determine the remolo sequelae of 
acute haemorrhagic cystitis but our evidence seem to show 
that tumours do not develop from them Reference has 
been made to 5-chlor-o-toluidinc as a notorious bladder 
irritant. Our follow up of a considerable number of men who 
had developed hacmatuna and other signs of haemorrhagic 
cystitis due to this compound and had recovered from them 
has not brought to light any evidence of tumour formation 
m the intervening 13 years 

A similar follow up for 3 y cars of a case of violent haemorr- 
hagic cystitis due to absorption per cutem of o toluidine 
showed neither recurrence nor tumour formation 

It would appear almost as if the excitation of tumour 
formation by bladder irritants requires tho latter to be 
(a) of the less violent kind and (b) to be exhibited in doses 
insufficient to lead to acute symptoms In general terms, 
the tissue requires opportunity and time to react to the 
carcinogen, whereas the violent bladder-irritants break down 
the tissue reaction in its earliest stages One of the most 
striking characters of these tumours is the furtive manner in 
which they develop, and another that they can arise long 
after all obvious exposure to the presumed carcinogen has 
ceased. The tumour-forming process, nevertheless, is at 
some stage accompanied or preceded by evidence of instability 
of the lining membrane of the bladder (flaking-off of 
epithelial cells) and/or of inflamma tory changes (leucocytes) 
in the unne 

To obtain even a partial measure of the irritant action m 
the bladder is not possible Analysis of urines of workers 
for aromatic amines shows great variations from day to day 
It is usual to give “ periods of exposure ” but although we 
shall give some figures on this aspect the fact is that little 
precise significance attaches to them for one m a n may have 
as much real exposure m 2 years as another in 20 years 

A further factor in bladder irritation is personal idiosyn- 
crasy Some authors lay considerable stress on this and go 
so far as to consider that allergy plays a part (Hueper 1942) 
and offer this as a possible explanation not only of varying 
individual susceptibility, but also for the facts that a tumour 
may develop long after exposure has ceased and that 
frequently tumours develop after a primary tumour has been 
operatively destroyed and further exposure terminated. The 
suggestion is that a process of sensitization has become 
established and that it may be subsequently maintained by 
endogenous products formed in the body 

4 METABOLISM OF BLADDER CARCINOGENS 

In the urine of workers in o- and / 3 -naphthylamine it is 
usually possible to demonstrate the presence of diazotizable 
amine (a very small amount of colour-givmg substances is 
normally present in unne i e on diazotizadon and alkaline 


coupling with among other compounds R-salt) An 
increase in diazotizablo amine is usually demonstrable after 
acid hydrolysis of the urine Engel (1924) made the strange 
claim that whereas n-naphthylamme is in the dog partly 
excreted as base, P naphthylamme is practically quantita- 
tively excreted as 2 amino-1 naphthol 

Wiley (1938) fed ^-naphthylamme to dogs and showed tho 
presence in the urine of 2 ammo-1 hydroxy naphthalene 
conjugated with sulphuric acid Dobriner Hofmann & 
Rhoads (1941) injected rats, rabbits and monkeys with 
olive oil solutions of ^-naphthylamme and showed the 
presence in the urine of the base itself its /V-acetyl derivative 
its N acetyl 6-hydroxy derivative and an unidentified 

dihydroxyammonaphthalene 

Adler (1908) obtained from the urme of rabbits injected 
intrapcritoneally with benzidine a dihydroxy derivative of 
meltiDg-pomt 130-138° C 

In preliminary experiments with Hannon and Corby 
(unpublished) evidence was obtained by me that rats partly 
acylate benzidine and partly hydroxylate it m rabbits 
similarly treated with large doses of benzidine, the free base 
could be demonstrated in the urme Using the method of 
chromatographic absorption and analysis of dyes prepared 
from benzidine workers’ unne and comparing these with 
synthetic dyes made from vanous benzidine acyl and hydroxy 
derivatives, we have not been able as yet to demonstrate the 
presence of free benzidine or acyl benzidines 

In regard to aniline the older observations appear to be 
unas sailed, viz that this base is m part excreted as such in 
part as p-amino phenol (conjugated with H 3 SO t ) 

There is no certainty as to whether the direct carcinogens 
are the ammo bases as such or metabolic derivatives of them 
but the negative pomt can be made that no suspicion has 
ever arisen of carcinogenic effects among the very many 
workers who have worked for years with a great variety of 
phenolic compounds as well as acyl and aryl derivatives of 
amines Insofar as one would expect some common factor 
in the etiology of a disease such as this which whether arising 
from naphthylammes aniline or benzidine, shows no great 
variations in its occupational aspects one is inclined to 
believe that it is the base as such which is the effective agent 


5 OCCUPATIONAL FEATURES OF THE DISEASE 

a Manner of Absorption of the Amino-bases 

The manner of absorption naturally depends upon the 
industrial conditions m which the hazardous operations are 
earned out It is not improbable that in the latter part of 
the 19th and the first 20 years of the 20th century, workers in 
parts of the dyestuffs industry ingested per os considerable 
daily amounts of the solid amines and that absorption 
through the skin of especially aniline was far from 
negligible In more recent years, with recognition of the 
nature and probable ongm of the disease, absorption by 
these routes has probably been much diminished- Absorp- 
tion by the respiratory route of the dust of the solid amines 
and the fume of all of them must have been very great. 
In the modem penod this remains the most significant route 
and the one most difficult to eliminate especially at charging 
points, stills flaking- and grinding-machines drying-ovens 
sulphonators etc Significant absorption can occur m non- 
manufacturing departments where contaminated materials 
are handled e g laundries repair-shops etc 
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b Latent Period 

This is the estimated period between the first entry into 
the hazardous occupation and the first appearance of signs or 
s' mptoms of bladder disease It is a common practice 
ai ong students of this condition to give average periods of 
latency What precise meaning is to be attached to this 
average is not clear The latency depends upon a number 
of factors, the weight of each of these being impossible to 
assess, eg individual predisposition, the intensity of 
exposure, perhaps the nature of the carcinogen the con- 
tinuity of exposure, mtercurrent disease and perhaps still 
others 

Average latent periods recorded are 


Oppenheimer (1927) 18 5 years 

BUttner (1931) 17 5 „ 

Muller (1933) 17 4 , 

Henschen (1937) 17 0 


In my own series of cases the minimum latent period is 
about 4 years and the maximum 48 years 53 6% of the 
cases had a latency of 1 1 to 16 years and 19 17% a latency of 
between 20 and 48 years In Mtlller’s series 42% of the 
cases had a latency of between 11 and 16 years and 28% 
between 25 and 36 years 1 


c Period of Exposure 

This is the length of time during which affected workers are 
known to have been exposed to the hazards It differs from 
the latent period m many cases, because the first signs of 
disease may appear years, often many years, after exposure 
has ended No apparent relation exists between the penod 
of exposure and the latent period, except that they are equal 
if work has been continuous and disease manifests itself 
whilst the hazardous work is still being pursued 
It is unusual for workers to be engaged without intermission 
solely m the hazardous processes and hence determination of 
the period of exposure is frequently approximate 

Koelsch (1935) held that 6 months’ exposure to /3-naphthy- 
larmne could be sufficient to lead to tumour formation Hueper 
(1942) analyzed a European senes of 137 cases, of which 47% 
had from 1 to 15 years exposure and 11 7% only 1 to 5 years 
Evans (1937) found that, of 83 cases in the USA, 13 3 % had 
1 to 5 years exposure, and 71 % between 1 and 15 years 
In Muller’s series (49 cases in which exposure period could 
be given), the shortest period was 1 year and the longest 37 vears 
50% had from 1 to 15 years and 32 7 % had from 26 to 37 years 
G di Maio (1937) examined 86 dyestuffs workers and found 
that 26 had “ pre-cancerous ” changes, 7 had benign and 4 
malignant tumours in the bladder The periods of employment 
in the industry were 2 to 6 years in the “ pre-cancerous ” cases, 
3 to 9 years in the benign cases and 6 to 15 years in the malignant 
cases 

In my own series the precise total period actually worked in 
the hazardous process was indeterminable the only reliable 
figure was the total period in the industry before development 
of a tumour, and clearly this will in many cases be considerably 
higher than the actual period of exposure to the hazards 
The shortest period thus determined was 3J years, the longest 
33 years Of the 54 cases, 48% had from 3J to 19 years in the 
industry and 13 % had from 26 to 33 years in it before developing 
bladder disease 

Other data m the literature substantiate as a fundamental 
feature the fact that the disease may become established in 


* The dilemma presented by data of this land is apparent in that, given industrial 
and individual conditions which may provoke the disease there does not appear 
to be any certainty that the disease will not be established even after leaving the 
industry In spite of this however it is by no means the case that all exposed 
workers develop the disease It has been stated that it is mainly workers of 
unclean habit who are most prone 


a very short time and that, therefore, medical observation 
and urinary or cystoscopic control are necessary from the 
start 


d The Affected Worker 


Assuming that treatment of the affected worker has been 
sufficiently successtul to permit of his return to work, the 
question at once arises whether he should be returned to his 
former occupation The natural and immediate response is 
likely to be m the negative, but various reasons can be given 
against such a view, and may be summarized thus 


i If the hazard still exists, replacement of the worker will 
increase the population at risk 
it The affected worker, even if apparently cured, is still 
subject to the possibility of recurrence whether further 
exposed or not 

in If cystoscopic control is practised, recurrence can be 
detected at a stage early enough to be reasonably 
assured of successful destruction of the tumour or 
tumours 

iv With improvement in. plant-construction and -operation 
the hazard is being steadily overcome 
The reaction of the worker to each of these may be rather 
different and may often be summarized thus 


ui 


iv 


The 


This argument is not very impressive to an affected 
person 

Is it as likely that recurrence will occur in non-hazardous 
work as in the former work 7 

Since cystoscopic control should continue m any event 
why not return to the hazardous occupation 7 (This 
is not infrequent among the more intelligent workers 
but depends on his experience of and reaction to 
cystoscopv ) 

What special improvements have been introduced and 
what special amenities and safety-precautions are now 
available 7 The lag between improvement in conditions 
and any fall in incidence is obvious 
practice recommended by American authorities 
(notably Gehrmann, 1936) is to return the men to the former 
work In recent years the Swiss industry has followed the 
same practice (Muller, 1945), and it is recognized by the 
Swiss National Accident Insurance German authorities 
recommended the practice a good many years ago, although 
Nassauer (1919) went so far as to recommend 3-monthly 
change in personnel In Britain it is difficult to be sure 
what the practice is The disease is not scheduled as an 
industrial disease and no regulations have been issued as to 
the course to be adopted The writer takes the view that the 
particular circumstances of any individual case must detei- 
mine what is recommended Had Simon’s (1930) view of the 
relatively benign character of these tumours been borne out 
by experience, the issue might have been easier to decide, but 
it is now known that they are very often extremely malignant 
In a high proportion of cases, return to work of any kind is 
impossible In others, for example, after considerable 
resection, a long convalescence is often necessary, and return 
to the routine of a chemical process is not considered by the 
patient Cases successfully treated by figuration, especially 
if the tumour has been located in the vault, frequently look 
and feel well and can return to their former work but have 
little desire to do so 

The psychological effect of a severe haematuna cannot be 
neglected m some workers Instances are known of men 
refusmg to continue to work m a process where cases of 
bladder disease have been detected 

The dilemma can be resolved only by such redesign or 
reconstruction of plant and control of atmospheric con- 
ditions and by elimination of all handling of the products- 
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or better still, by the rejection of routes of manufacture 
which involve the separation of the carcinogenic bases— that 
all workers can be assured of the safety of the work The 
writer is not unaware of the difficulties 

e Factory Medical Control 

1 Prospective employees who arc to enter the hazardous 
processes should 

a be healthy adults and of clean habit 
b have no family history of malignant disease 
c have no personal historv of renal or vesical disease 
d have no history of venereal disease 
t be given a cystoscopic examination before commencing 
work and be rejected if any sign of disease is present 
/ agree to periodic routine cystoscopy at least once a year 

The ago at which such workers should be permitted to 
enter the hazardous work depends in our view on the 
conditions in the particular factory Judgment should be 
based on the loss of expectation of life hitherto experienced 
by affected men in the industry Where the working con- 
ditions are bad the loss of expectation of life is worse for 
young men than for older men If the object in employing a 
worker is to assure him of a reasonable length of working 
life then subject to the requirements given above he should 
not be permitted to enter this work as a young man unless 
the conditions are held to be substantially safe 
Those who recommend that young healthy men should be 
chosen for this work may not have had our experience of the 
effect of successive cystoscopies on the minds of young 
people 

a Prospective employees should be informed of the 
nature of the work and instructed in detail of the hazard 
involved and the measures to be taken to combat it 
in Once allocated to a hazardous process the worker 
should if possible be maintained there throughout his 
working life 

iv Throughout his working life he should be under 
medical control designed to detect any sign of incipient or 
overt disease of the bladder Such control should include 
full clinical examination every three months, laboratory 
nnne testing (chemical and microscopic) and cystoscopy at 
such periods as appear to be dictated by the working con- 
ditions eg in poor working conditions 6-monthly cystoscopy 
may be considered necessary Chemical tests on unne should 
include determination of urinary aromatic primary amines 
^ < "^ leC k' U P 0Q w °rkmg conditions 
Maintained presence of abnormal cell constituents in the 
should lead to cystoscopy Routine cystoscopy is 
s ted to be used m USA and Switzerland but not in Britain. 

be great advantage of routine cystoscopy is that tt is more 
bkely to detect tumours before nialignant changes have 
eveloped and m a small proportion before any urinary 
signs are present 

Valuable as routine cystoscopy is its practicability is 
UgA CDt upon t ^ le acquiescence of the workers In the 
cystoscopy, m certain industries, can be performed in 
e factory medical department 

6 LEGISLATION 

seh'a ie f CaS m some countries the disease is notifiable and 
eduled as an industrial disease this is not as yet the case 
in Britain 

The difficulties inherent m the problem of schedule, in the 
t nner adopted m Britain of a condition such as bladder 
mour are so great that m spite of the tacit recognition of 


it as an occupational disease for many years, a practicable 
formula has not been found Not least among the difficulties 
are those of making allowance for the latent period and of 
making a reasonable specification of the processes which 
would be held to involve the hazard 
A very great difficulty is to define when the disease is to 
be held to be present The pre tumour stage is an elastic 
conception, but it would not be equitable to define the 
disease only on the detection of an overt growth Further 
since m a few cases renal tumours have been present with 
the bladder tumour it would be impossible to delimit the 
disease to the bladder alone Again nobody would be ready 
to assert that a known liability to tumour-formation m the 
bladder would be without some influence on organs or tissues 
in the neighbourhood of that organ 
The absolute incidence of bladder tumours in the popula- 
tion as a whole is considerable and since aromatic amines 
or their derivatives are used m a variety of industries it 
becomes still more troublesome to find a reasonable formula. 

It is conceivable that a restriction to certain occupations 
might be practicable but the period during which an employer 
or other source of compensation should be held to be liable 
could not be less than the lifetime of the worker 
Since it is known that a Lability to recurrence is a feature 
of the -disease even without further exposure to the hazards 
the right could not be denied for an affected worker to claim 
a damage done to him which will last for his lifetime The 
repercussions of such a right need hardly be emphasized 
It may perhaps be practicable to draw up registers for all 
persons employed in particular processes and apply the 
provisions of a special schedule to them and to them alone 
This combined with the most stringent regulations as to the 
design and operation of plant working conditions and 
medical control might go some distance in eliminating the 
disease The duty of deciding as to the occupational origin 
of the disease m any given case could be made to he upon the 
medical control and upon a person or persons appointed 
by the appropriate minister In the event of death due to 
the disease the medical control and its detailed records could 
be made available to the coroner and the persons appointed 
Retrospective cases would each have to be considered on 
their merits 

7 SIGNS AND SYMPTOMS 
It may be said at once that there is nothing to distinguish 
between the signs and symptoms of the occupational tumour 
of the bladder and those of the non-occupational The 
outstanding difference lies in this that there is ample 
knowledge on some aspects of the causation of the former 
and a reasonable chance of anticipating the worse forms if 
routine cystoscopy is adopted. 

There is a greater or lesser length of time during which 
no external signs or symptoms at all are present, but even in 
this period a tumour may already become established The 
period of no external signs or symptoms may be terminated 
by a sudden haematuna with little or no discomfort or pain , 
this may be due to a tumour 
On the other hand it may end with the appearance m the 
unne of epithelial cells and later a few erythrocytes but still 
without symptoms Examination of the bladder at this 
stage may show little significant change Maintenance of 
epithelial exfoliation and slight haematuna may be found 
later to be associated with 3 slight ulceration or a tumour 
From the first appearance of haematuna to the demonstrable 
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presence of a tumour, a very considerable tune— even years— 
may elapse Throughout this development, the general 
condition of the patient is usually quiet and undisturbed, so 
much so that he may refuse cystoscopy until visible haema- 
tuna convinces him of its necessity 

No certain relation appears to exist between the degree 
of haematuna and the degree of malignancy of the tumour 
Nor need even a considerable haematuna be certain evidence 
that a tumour is present, as has already been pointed out 
Cases are found m which no symptom is complained of 
except a certain amount of “ backache ”, and m which the 
urine shows a maintained slight haematuna with associated 
leucocytes, and yet an moperable carcinoma is discovered 
on cystoscopy On the other hand, a sudden severe haema- 
tuna may be found to be associated with two or three small 
papillomata not as yet showing obvious malignancy Thus, 
the detachment of a frond from a highly fnable “ benign ” 
villous papilloma may be followed at once by violent 
bleeding , on the other hand, an ulcerated sessile papilloma 
with considerable invasion into the bladder-wall may show 
a similar violence of bleeding, whereas an exactly similar 
tumour with marked malignant changes in the base, but little 
breakdown at the surface may show no visible bleeding or 
only microscopically detectable blood cells One sometimes 
has the feeling that a considerable haematuna is more likely 
to turn out to be due to a papilloma of good prognosis 

The intensity of the haematuna may vary greatly from 
day to day, sometimes ceasing altogether for weeks or months 
at a time Such cessation is no indication of any diminution 
in tumour development It may lead to a belief in the patient 
that the condition is disappearing but will not deter the 
surgeon from maintaining his cystoscopic examinations 
Leucocytes are often found m the urine of workers affected 
by tumour of the bladder, sometimes m considerable amount 
On the whole, the likelihood of malignant change is greater 
if much pus is found, assuming that instrumentation or 
operation or the usual causes cannot account for it (descending 
infection, pyelitis, obstruction, prostatic disease, gonococcus, 
etc ) Leucocytes indicate, m general, ulceration either of the 
lining of the bladder or of the surface layers of a tumour, and 
they need not be associated with pyogenic organisms unless 
there is obstruction 

Haematuna may lead to formation of thrombi, and the 
passage of these results m great pam on micturition , acute 
retention has also been observed Similar symptoms may 
follow dislodgement of small masses of tumour tissue , such 
small masses, sometimes in the form of fluffy threads, are 
often seen in the urine 

The degree of pam in malignancy depends also upon the 
infiltration and invasion of the bladder-wall and of pelvic 
tissues A worker may seek advice for pains m the “ bottom 
of the back ” or the supra-pubic area, or even vaguely m the 
hypogastrium, before there is any apparently significant 
haematuna, and a deeply infiltrating tumour may be found 
At a late, almost terminal, stage, when the branch systems 
from the pelvic plexus are also involved, maintained pam is 
present When this has occurred, there is almost certainly 
an associated pyo-nephrosis with pam in the lumbar region 

It is unusual nowadays for a case of operable papilloma 
with haematuna to be allowed to proceed to a state of 
secondary anaemia, but the moperable case, carcinoma or 


♦ It u significant to recall that Dcbenham (1933) from a study of 742 cases of 
haematuru concluded that when this occurs aa the initial sura in the msi* 

» a JO *' chance that it is due to carcinoma of the bladder • U “ 10 


papilloma, soon deteriorates, the patient developing toxaemia 
and all its sequelae in spite of deep x-ray therapy or implanta 
tions of radon 


8 PATHOGENESIS 

Writers on this disease commonly emphasize that the most 
frequent location of the tumours is in the trigone and in the 
region of the ureteric orifices This fact is adduced by some 
in support for the view that the tumours arise from the 
effects of the carcinogenic agents excreted in the urine and 
maintained in contact with the base or trigone m greater 
quantity and for longer periods than elsewhere 

The evidence in favour of this relative stasis as an important 
factor is mainly from experiments in dogs, in which the 
majority of the tumours induced were found m the dome and 
in the anterior parts of the bladder, where also the biggest 
tumours were present — 1 e m the most dependent parts m 
the ordinary lying or standing attitudes (Hueper et al , 1938) 
A similar position is found with tumours induced in mice by 
oestrogens, m rabbits by j3-naphthylamme, and m dogs by 
aniline and o-arruno-azotoluene (Lacassagne, 1935 , Yama- 
zaki & Sato, 1937 , Hueper et al , 1938) 

Again, the facts that the attack in the bladder is primarily 
on the epithelium and never on the connective tissue, and 
that the tumours formed are epithelial tumours and not 
connective-tissue tumours (sarcomata), would seem also to 
pomt to a direct action on the lining of the bladder, unless it 
can be shown that the carcinogens are m some way specifically 
active against epithelial tissues 

Some importance attaches also to the fact that the solu- 
bility in the urine of both the ammo-bases and their meta- 
bolites will diminish as the urine pH increases the resulting 
undissolved matter will then tend to accumulate on the base 
of the bladder in man 

Structural abnormalities predisposing to stasis of urine 
in the kidney should, on the view that the ammo-base is the 
carcinogen and acts from the urine, bring about conditions 
likely to lead to tumour formation Cases of this kind have 
been described Thus Muller (1936) reported a case in which, 
6 years after partial cystectomy for carcinoma of the vault 
m a benzidine worker, there was a recurrence of haematuna 
which was shown, after much investigation, to be due to a 
carcinoma in a supernumerary kidney on the left side The 
tumour was considered to have arisen m the pelvis of this 
accessory kidney, it had involved its whole mass, and had 
pushed a plug of malignant tissue into almost the whole 
length of the ureter There were two ureteric orifices and two 
parallel ureters on the left side The other kidney lay below 
the tumour-bearing one, was compressed, and was apparently 
functioning normally There was no recurrence in the 
partially resected bladder, and hence the renal tumour was 
taken to be a new primary growth It was very malignant 
and had given rise to many metastases The known liability 
of double kidneys to stasis and disease suggests itself as having 
some relation to the tumour formation, m that the ammo- 
base or its derivatives would have been longer in contact 
with the supernumerary organ than was the case with the 
normal kidneys 

In addition, experiment can readily show that injection 
of ammo-bases of the kind associated with this disease are 
rapidly concentrated m the bladder and continue to appear 
there for longer than they do m the other principal organs 
and tissues 


412 



OCCUPATIONAL CANCER OF THE BLADDER 


Af W Goldblatt 


111 


IV 


°n the otter hand. Ferguson, Gchnnann, Gay, Anderson & 
Washburn (1934) proposed the theory that the carcinogenic 
action was exerted not by the products when in tho urine but 
as they circulated in the blood. In support of this there were 
the following observations tho tumour-forming process 
appears to begin as a sub-epithelial vascular reaction, the 
epithelium being affected secondarily , any part of the organ 
may be involved , the much greater vascularity of the 
tngone, the so-called recurrences are almost certainly 
newly-arisen tumours , routine cystoscopy frequently shows 
localized sub-epithelial telangiectasis and blood effusions 

Schar (1938) held, on experimental grounds, that the 
carcinogen 

i circulates in the blood and hence in the vesical vessels 

ii is excreted m the urine and is therefore m contact with 
the epithelium , 

can be excreted into the bladder by diffusion from the 
vessels , 

^„mi r f t abS ° r ^ d fr ° m thc bladder be deposited 

around the capillaries in thc bladder wall 

SdfiL hyPOthCS1S C ° mbmes featurcs of the two others, but 
°I r °' absorptlon from bladder, for 

i ° evidence exists, especially if the bladder 

oTrtZl^ S T d °r These theones do not 

develon ^ ° f ** faCt may and do 

lat?nnfn S a ^ Cr ad ex P° su re has ceased, or of the long 

wmk^ dU K^°t SUre ' ° f 1110 apparent mummity of many 
geS J l ° U l that no sunpIc ^cory of the carcmo- 
tumours years ^ expLun tb e a PPearance of 

disappeared from the body ° f ±Cm musthave 

menuil 1 ' d^r UndS °^ Iocatlon and nature, there is no funda- 
SStuJS f “ the occupational and non- 

sss? Even Hueper (i942 >- wb ° " 

“bladder tumour orme-carcmogen theory, agrees that 

locaUon aiddKinh^ etl ° logy foUow m their 

Plasms” ReJift tab the ontogenetic vesical neo- 
andShabad^msinfT* by . Steele - Koch & Sterner (1941) 
so-called blitomitogenmagenT ^ m 1111116 ° f 

and n non- t ^m d 1 o° C , 0nSlder 11131 b °th groups, occupaUonal 
Process On snrF ma y_ arise from the same ultimate 

aromatic amino-hiJl Vle ' v ! f °reign substances such as the 
111 the blood or th« ° r ° ieir raeta bohc denvatives present 
hssueoroftheprocess Ur?Ile ' aCt “ potentlat °rs of the 

greater or^^r^cn-^ that „ tbo o^omogen is present m 
will depend on the^»ffi m ^ but that the tumour reaction 
of the potentiator °{ the carcinogen or on that 

r "' the marked t™? 3 hypothesi;3 couJd Perhaps account 
- tod tendency to “ recurrence ”-i.e , once 


for 


Potentiated-! “ naene 3 r tc 
. ted ' always potentiated. 

amounts and avada 1 bmt^ d ’f^ S may ^ beld to h ave varying 
hte same amount ofnntJn?5 111(1 hence, even with 

to extreme mahgnancv^ rrh ° n ’ Varymg res Ponse from none 
workers m armnn-h^i.'i oP cour se, known among 

tional bladder-tumm 1 ^h e re lative mcidence of occupa- 
«cess of that o^T 3 41110113 young adults « much m 
the above hvmoth^ 0 ^^ 111 ? 1131 tamoms This fact on 
of otherwise unsuffieiV^f y ^ due to a marked potentiation 

V* rdenC^Sl ° Uy aCUVe «“““>»»• 

identity 0 f Droce „ 21011133 oP tumours suggests some 
The practically exclusive mcidence of 


anS r tm 0tentlatl ° n ° f , the Skin <Wy^S?totS3 
uritotcompoLr y *** ^ ^ reactlon t0 » 

J° aron l atlc ammo-bases as potenUators simply 

splits the problem of causation The fact that these cm/ 

P? U . a .f f n by thf^t ac tmn produce manifest mjury to the 
bladder lining is not the sole basis for the concepuon fbr 
many other organic compounds also can injure the epithelial 
lining without as far as we know leading later to m™ 
formation Inflammatory disease of the hladder lining is 
clearl y not a necessary precursor of neoplastic growth The 

exploded 11 “ 0Ty bladd6r tUmours was ,on g 3 mce 


The problem is clearly more subtle The key lies we 
suggest m discovering first what structural or functional 
changes are brought about m the bladder epithelium by tho 
presence of the ammo-bases or their denvatives One of the 
changes brought about already referred to is a disruption 
of the stability of the layers of epithelial cells 
The second necessary point to elucidate is the endogenous 
factor which, acting upon an epithelium which is attempting 
to regenerate, produces that extra stimulus which in the 
issue is carcinogenesis 


Selection of organs for attack in cases of non-occupational 
neoplastic growth is always a puzzle In occupational 
tumours the selection is perhaps less of a puzzle, because of 
the close correlation between the point of attack of the 
occupational hazard and the location of the subsequent 
primary tumour development But we hold that the evidence 
points to the existence of some unitary process Multiplicity 
of carcinogens as at present understood without the belief 
m and search for underlying unity is chaos 


9 PATHOLOGY 

The tumours benign or malignant that arise as a result 
of exposure to ammo-base are epithelial growths The 
changes other than neoplastic that arise are change m the 
epithelial linin g of the bladder 

Although a considerable variety of appearances is found 
the principal are 

papilloma (apparently benign) , papilloma and 
carcinoma , papillary carcinoma , nodular infiltrative 
carcinoma of the bladder 

Of much less frequent occurrence are mucous polyps 
carcinoma of the renal pelvis carcinoma of the ureter 
adeno-carcmoma of the bladder leukoplakia. 

A picture of the development of the tumours is obtained 
from the experimental results of Hueper et a! (1938) and Bonscr 
(1943) The latter saw gradation from simple epithelial ‘hyper- 
plasia to carcinoma with lymphatic permeation and invasion 
of muscle The epithelial layers mcreased in numbers and the 
cells were swollen 

Further there were mtra-epithehal proliferation with down- 
growth into the sub-epithelial tissues this downgrowth was 
stated to have been of both simple and malignant character 
Simple and malignant tumqurs were found , the former, simple 
transitional-cell papillomata with characteristic papillary fronds 
the latter, malignant papillomata of transmonai-cell type, of 
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anaplastic polygonal-cel! type, and of tubular type any malig- 
nant tumour might be of mixed type 

In the histologically benign papilloma Hueper et al (1938) 
noted that the cell layers on the papillae varied in number from 
2 — 3 to 20 or more The cells appeared to be of normal tran- 
sitional type, but on occasion were hyperchromattc and almost 
lymphoid, and sometimes large polygonal and of epithelial type 
The vascular connective tissue ot the core of the papillae appears 
loose and oedematous, and moderately infiltrated with lymphoid 
and mononuclear cells The capillary network is rich and 
dilated, and at the tips of the papillae small haemorrhagic 
areas are seen De generation changes m the epithelial cells 
included ballooning, cytoplasmic vesicuiation, nuclear pyknosis, 
atrophic shrinkage, and intra-epithelial cyst-formation The 
pedicle could undergo fibrosis The papilloma could assume 
a variety of shapes and consistencies, from the tufted delicate 
fibro-epnhelial type to the stumpy, thick, sessile warty pro- 
jections Muhple smalt papillomata narrowly separated were 
also found, constituting the condition of papillomatosis 

The potentially malignant changes which an apparently 
benign papilloma may undergo are common experience, and 
may m man follow unsuccessful attempts at destruction 
So long as a certain regularity of structure is maintained, 
e g , long axis of epithelial cells at right angles to long axis of 
papillae, the benign character is at least likely to be preserved, 
but when there begin to appear groups of irregularly dispersed 
and irregularly shaped cells with frequent and abnormal 
mitoses, it is certain that malignancy is developing In the 
region of or m the base of the tumour, invasion into the wall 
of the bladder begins and, unless destruction is successfully 
performed, proceeds more or less rapidly to involve the 
whole thickness of the organ and beyond When this 
invasion has become well established m the wall, fulguration 
often fails to prevent extension or recurrence 

Whereas malignant changes can set in upon a papilloma 
which in favourable circumstances might have remained 
benign, in many cases the process appears to have been 
malignant from the start The individual factor is very 
evident, for whereas some workers will repeatedly present 
tumours which are apparently entirely benign, others seem 
never to have gone through a period of benign growth but 
react with malignant mvasion from the outset of the tumour 
formation The process may be mainly centrifugal or 
centripetal m relation to the lumen of the bladder In the 
latter case, a papillary carcinoma is the likely result , in the 
former, a nodular infiltrating carcinoma Papillary carcinoma 
arises on a broad base, or a broad base may develop from the 
coalescence of neighbouring papillary projections The 
tumour m its early stages may be seen as a slightly elevated 
plaque which more or less rapidly develops mto a solid 
round-topped mass , sometimes short villous processes are 
seen from which, if there is ulceration, there may be con- 
siderable bleeding Malignant invasion occurs into the 
fibro-vascular tissue and into the bladder wall adjacent to 
the base Histologically, balloon cells, giant cells, active 
mitoses, and local necroses are seen The latter may be 
associated with atelectasis of the capillaries or with infection 
Experience m clinical control of workers leads one to lay 
considerable stress on the presence of leucocytes in the urine 
as an accompaniment of probable mabgnancy. This type 
has been stated above to be mamly centripetal in growth , 
extension through the bladder wall does, of course, occur! 
but m many cases this process is relatively slow 
In the nodular infiltrating carcinoma there is early invasion 
of the sub-epithelial layer by abnormal pegs of cells similar 
to transitional epithelial cells Frequently the cell-type is 
undifferentiated and may be round or oval, giving a sarcoma- 


hke appearance The tendency to liquefaction-necrosis may 
yield an appearance of adeno-carcmoma, but true tumours 
of this kind are rare 

The nodular carcinoma may arise from a leukoplakic area 
of irregular, swollen vesicular polygonal cells lying on deeper 
layers of transitional cells 

Involvement of the ureters and kidneys is unusual but is 
described In our experience tumours of the ureters have 
appeared to be extensions from the bladder tumour 

Muller (1940) described an interesting case in which there was 
a broad-based typical transitional-cell papilloma in the ureter 
below the point ot crossing the common iliac artery, associated 
with intense inflammation of the ureteric wall fhis tumour 
was considered to be primary It was discovered by operation 
from which there was recovery In our experience, involvement 
of the ureter has occurred quite close to the ureteric orifice 
has been malignant, and was discovered post-mortem , in one 
case it was bilateral In the rare cases in which the kidney was 
involved, the tumour, in our experience, was primary, was of the 
infiltrative type, and was diffused throughout the organ, which 
had been almost completely destroyed In one case there was a 
metastatic nodule m one kidney secondary to a very extensive 
sessile infiltrating carcinoma ot the bladder , large metastatic 
deposits in this case were found in the lumbar lymph-glands and 
in the mediastinum which, on section, proved to be transitional- 
cell carcinoma Primary tumours ot the renal pelvis have 
not been found in my series 

Mctastases have been described in the regional, inguinal, and 
paravertebral lymph-glands, in the latter case as high up as the 
cervical spine The supraclavicular glands may be involved 
In one of our cases there was a large gland-mass on the left neck 
Perirenal metastases may extend to and perforate the Jumbar 
skin (Muller, 1933) Others may be found in vertebrae, liver, 
lungs and even in the cerebrum 

Direct extension of the tumour may involve the sigmoid colon 
and on occasion the prostate The ureteric orifices on one or 
both sides Irequently become occluded by an extensive growth 
and, on occasion, the ureter itself becomes occluded by the 
infiltrated tumour The consequences of such effects — hydro- 
nephrosis, pyonephrosis, infection, dilation and accumulation 
of pus m the ureter, toxaemia — are manifest 


10 TREATMENT 
a Prophylactic Measures 

Since the workman exposed to certain aromatic amino- 
bases is undergoing a process which sooner or later may lead 
to the formation of a bladder tumour, it is logical to prescribe 
treatment from the beginning of exposure 

On the hypothesis that the concentration of the com- 
pounds excreted m the urine is a determining factor m the 
stimulus to tumour development, increased fluid intake may 
be prescribed, eg 3 or 4 pints [1 7-2 3 1] of milk, coffee, tea 
or other non-alcoholic drinks and a diuretic during the 
working-day or -shift The volume of fluid thus given should 
be sufficient to reduce the concentration of diazotizable 
amine m the urine to almost indeterminable levels 

On the hypothesis that the active agent is the ammo-base, 
it may be helpful to assure that the urine is maintained always 
on the acid side. Hence the administration of adequate 
amounts of such compounds as sodium hydrogen phosphate 
calcium chloride or ammonium chloride, and an “ acid- 
forming” diet is indicated. 

Attempts to inactivate the ammo-group by the administra- 
tion of non-toxic chemical compounds suggest themselves, 
but we have not succeeded m finding a suitable agent 
The frequency with which workers are found to have a 
low-grade cystitis suggests that a urinary antiseptic may have 
its place m these preventive treatments 
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The absolute amount of diazotizable amine in the urine 
(before and after hydrolysis) can serve as a useful control 
on the plant conditions 

b Acute Haemorrhagic Cystitis 

Acute haemorrhagic cystitis brought about by the absorp- 
Uon of aromatic amines is treated on standard lines of rest in 
bed, bland diet and bladder-sedatives and diuretics Symp- 
toms are sometimes quite severe but we have found these 
cases to clear in 2-4 weeks Once removed from the chemical 
source, there is a rapid diminution of the hacmaturia and 
symptoms 

In some eases however, the acute form may pass into a 
chrome but mild form not associated with tumour develop- 
ment Operation or instrumentation can contribute to the 
development of the chronic form This is illustrated by the 
following ease 

A man of 33, who had worked for 5 years in chemical processes 
without any urinary signs or symptoms was transferred to a 
benzidine process where he worked for 2 years without any 
unnary abnormalities He then suddenly developed in extremely 
violent haematuna with pain, frequency and strangury A very 
complete examination showed no renal disorder and only an 
intense inflammation of the floor of the bladder As the 
haemorrhage was very profuse, the bladder was opened, but no 
tumour was found The urine was bactcnologically negative 
(including guinea pig test) A period in hospital and mild 
treatment led to recovery The patient returned to work and 
was set to boiler-finna which he pursued for 8 years There 
has been no further contact with hazardous compounds During 
this period he has had 28 unne examinations and 1 cystoscopy 
The latter, some 2 years after restarting work was quite negative, 
but there have been intermittent mild haematuna and pyuria 
on one occasion 5 years after the operation there were many 
erythrocytes seen in the urine At present, 8 years after opera- 
tion, he is well and, except for a faint albuminuria free from all 
signs or symptoms of bladder or other disturbances 


c Surgery 

The surgical treatment of occupational tumours of the 
bladder is the same as that for non occupational According 
to the circumstances of the case transurethral or endovesical 
high frequency electro-coagulation partial cystectomy (with 
or without electro-coagulation) implantation of radon seed 
(with or without electro-coagulation), deep x-ray therapy or 
total cystectomy after implantation of the ureters are 
practised 

i Electro-coagulation of a tumour m the benign stage or 
m tae sta £ e of superficial, non-mfiltrating malignancy is 
usually followed by good recovery Transurethral approach 
jttay be rendered impossible by the location of the tumour or 
y its size or multiplicity Even in the best conditions, 
without any further exposure to the hazardous compounds 
e possibility of new formations later remains This 
^ acler °f new formation applies to non-occupational as 
well as occupational tumours of the bladder 

ter successful electro-coagulation the patient may remain 
Perh t0m ^ urt ^ er tumours for the remainder of his life 
wh a ^ s , hkelihood of new formations is greatest in cases 
fj K ? re tilere have been multiple tumours even benign at the 
case° Peratl ° n exam Pk °f this is given by the following 


proeexe? , 48 , having worked for 14 years m a variety of 
was frmn^ 108 *2 years in contact with /3 naphthylamine 
ureteric m-,K° 2 sma1 ' papillomata to the right of the right 

the blaHH Ce -3 on *h e fundus and 1 on the anterior wall of 
June iQi«; er . , ansur ethral coagulation was performed m 
0 tn April 1937 cystoscopy showed freedom from 


tumours, but the vessels round the internal urethral orifice were 
dilated and haemorrhage could be seen from various points on 
them From October 1936 till January 1940 he worked in the 
open air and was then transferred to laboratory work associated 
with the p naphthylamine plant, where he worked till April 1944 
In July 1940 slight signs appeared, but the patient consistently 
refused all investigation or treatment This situation continued 
until February 1945 when it became obvious to him that he was 
ill In August 1945 an inoperable carcinoma involving the base 
trigone and posterior wall was diagnosed cystoscopicallv, both 
ureteric orifices being obstructed by growth The post mortem 
in February 1946 showed bilateral pyonephrosis dilated and 
pus filled ureters and an extensive papiilo carcinoma in the 
bladder 


Ineffective coagulation of even an apparently benign 
papilloma may be followed by rapid growth and establish- 
ment of malignancy 

Cases of frankly malignant tumours will not benefit from 
high frequency treatment except perhaps when the growth 
is very small Indeed, it is not improbable that such treat- 
ment may in such cases make matters worse Attempts at 
coagulation of malignant tumours are often followed by 
introduction of radon seeds either because of doubt as to 


complete destruction or as a precautionary measure 

Electro coagulation after cystoscopy is often necessary, 
particularly when there are multiple tumours The danger of 
release of viable tumour-cells and their later implantation is 
perhaps greatest in this method 

li Partial cystectomy, if the tumours are suitably located 


tan yield good results 

Thus, a man aged 55 years who had worked with a naphthy- 
amme for 15 years was found to have 4 small papillomatous 
md pre papillomatous areas in widely separated regions of the 
iladder Treatment by electro-coagulation was followed in 
5 months by the appearance of a papilloma i inch )8 5 mm J 
liameter, in the vault ns surface was necrotic The location 
)f the new formation did net permit of transurethral treatment 
V partial cystectomy, using the cautery knife, was performed and 
ecovery was good The patient returned to work some months 
ater and has continued out of contact with chemical products 
if any kind for 8 years Several cystoscopic examinations have 
evealed only a basal cystitis Urine control continues Some 
l years after operation, the urine began to show a heavy content 
jf p U s and some erythrocytes At various times, attempts 
vere made over prolonged periods to overcome this cystitis with 
Examine, sulphonamides and mandehc acid, but with no 
iuccess The patient now in his 63rd year has been continuously 
it work (non-chemical), looks and feels well, and has increased 
ronsiderably in weight . , 

Muller (1933) was able to resect m 5 cases of occupational 
taremoma of the bladder (vault and anterior wall) , of these 
> had already survived 8 years at the tune of reporting and 
.vcrc able to cany on their work 

Resection should be preceded by complete destruction of 
he tumour or tumours and a wide area of normal bladder 
ttvp: tivmniir should be included in the 


Where resection is the chosen operation and a unitenc 
fice is surrounded or mvaded by tumour-growth, it become 
jessary to remove this area and re-unplant the divided 
■ter mto the posterior wall of the bladder 
Opportunity for this operation arose frequently in our 
"of cases, but there appears to be some reluctance m 
■ard to it on the part of some urologists Beer 0935) 
ted that “ fear of sacrificing the ureteral ostium has 

doubtedly led to many Z first deter- 

id^aS kidney on that s,de is m goodlbngon but 
er with his very extensive experience stated tha 
J indication which I can see for a nephrectomy at the 
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time of the primary operation is a badly infected kidney with 
a very large dilated, diseased ureter, and. that only m case 
the second kidney has been shown, by excretory urography, 
to be adequate ” 

Beer’s analysis of his operative results on 137 cases of 
infiltrating, ulcerated, solid, more or less papillary carcino- 
mata may be summarized as m Table I 

TABLE 1 


No 

of 

cases 

Operation 

Operative mortality 

Remarks 

67 

44 — Resection 

27% 'I 

34% were " cured " 



f25% 

(Periods of observa- 


23 — Resection and 

21% J 

tion from 1 to 16 


sacrifice of ureter 


years , 3 lost to 


orifice 


follow-up ) 


55 Electro coagulation 18% immediate 
and radon 27% died within 

few months 


12% were “ cured " 
(Periods of observa- 
tion from I to 12 
years , 9 lost to 

follow-up ) 


1 5 Deep electro- 

coagulation 


40% (operative 
and soon after 
operation) 


No " cure " reported 
(4 recurred , 1 lived 
2 years , I recurred 
in 5th year , 3 lost to 
follow-up) 


Statistical comparison is impossible with such data, but it 
appears fairly certain that resection for tumours of this 
malignant kind is the operation most likely to succeed. 

w. Total cystectomy Consideration of malignant growths 
which are not susceptible to any of the above procedures, 
results m a gloomy picture Deep x rays and radon-seed 
implantation may retard the inevitable sequel X rays may 
dimmish the size of metastases, but we have not seen any 
maintained improvement Provided there is no renal damage 
and no extension of the malignant process into the pelvic 
structures, the question of total cystectomy must be con- 
sidered in the otherwise moperable case 
Ward (1936) considers that it is “ far better to risk an 
operation which, if successful, will give relief rather than drag 
out such a miserable existence ” as is the inevitable sequel 
in an moperable case 

Not the least of the difficulties encountered is to convince 
a workman of the desirability of the operation before the 
condition has advanced too far to offer any chance of success 
The fact that recurrences (new formations) are so frequent 
has led urologists experienced m occupational bladder 
tumours to regard total cystectomy as indeed the only 
rational operation. This is perhaps rather an extreme view, 
for in the occupational variety, as has already been stated, 
there is a possibility of the recognition of tumours long before 
the moperable stage has been reached, and this signifies 
routine cystoscopy of all workers who have been or are 
being exposed to the hazards There is in Britain a con- 
siderable number of workers to whom this should apply if 
the moperable situation is to be avoided No doubt a 
certain proportion will be found to show a primary infiltrating 
growth which will not respond to measures less radical than 


total cystectdmy, but a high proportion will be amenable to 
such measures. 


11 SURGICAL PROGNOSIS 

Washburn’s analysis of his cases (1934 , 1937) shows that 
m 50 of 86 diagnosed cases there was a small tumour amenable 
to fulguration Gay’s (1937) examination of 93 specimens 
from 61 workers who had been in the dye industry for 5 years 
or more showed that 50% were benign, but it was pointed out 
that such tumours could, in time, become malignant No 
doubt these findings are related to the practice of routine 
cystoscopy with consequent early diagnosis 
It is to be recalled that Simon (1929) reported Tus series 
of 81 “ aniline ” cases as all histologically malignant Only 
small tumours were electro-coagulated, extensive resection 
being the method most frequently used Many of these cases 
underwent repeated resections in the course of years ' Of the 
29 cases still alive m 1928, 15 had survived operation by at 
least 5 years and 17 by at least 3 years (total number 
operated 35) Of the 52 cases dead up to 1928, 37 had been 
operated on , 8 had survived at least 10 years, 16 at least 
5 years, and 21 at least 3 years Having regard to the effects 
of advancing years, and causes of death other than bladder 
disease, Simon’s results indicate early diagnosis, especially 
as the tumours were all stated to be histologically malignant 
Simon does not appear to refer to such a thing as an moperable 
case In our two series of occupational cases, it was found 
that, of 12 cases m the first series, 2 were moperable, and, of 
45 cases In the second series, 7 were inoperable at the time of 
first coming for treatment, i e about 16% 

When, as in non-occupational cases, early diagnosis of 
cancer is the exception, complete excision of the tumour is 
possible in only a minority of instances Thus, m a study of 
902 epithelial tumours of the bladder listed m the Carcinoma 
Register of the American Urological Association (1934), it 
was found that from the standpoint of surgical treatment, 
only 23 4% were readily accessible for complete excision 
without interference with the ureter or urethra Thus, in 
non-occupational carcinoma of the bladder, the American 
surgeon has to reckon with some 76% of cases for which 
he will have to consider re-implantation of the ureter after 
resection or total cystectomy 
In Beer’s series (1935) of 650 cases of treated bladder 
tumour, 36 papillary carcinomata were treated by electro- 
coagulation and resection, with apparent cure of 69 % of those 
not succumbing to the operative procedure , 67 infiltrating and 
ulcerating carcinomata were similarly treated with 50 % cure , 
42 papillary carcinomata were treated by transurethral 
electro-coagulation with 54% cure-, and 18 cases of infil- 
trating, solid carcinoma were treated by total cystectomy, 
with 46 % cure of those surviving operation and followed-up 
The operative mortality in the last group was 28% Beer 
held, on his results, that radical excision or total cystectomy 
offer not only a more complete eradication of the disease but 
also a better proportion of cure among those who survive the 
operations*. The problem is to reduce operative mortality 
In the case of occupational bladder tumours, the operation 
of total cystectomy and implantation of the ureters into the 
skin (Beer) would appear to be impracticable for a workman 
who, if he recovers, can find little to do to make life worth 
living. It would appear that the only reasonable chance of 
making it possible, if cure is attained, for the patient to 

Continued at foot of page 417 
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1 GENERAL 

It was Sydenham who said, “ I have often thought, that if I 
knew accurately the natural history of any disease, I should 
never be at a loss for a proper method of treating it.” This 
must be our text, or justification, for including a note upon 
chemotherapy in a symposium devoted to carcinogenesis 
Until the latter part of the nineteenth century our know- 
ledge of cancer was largely founded upon morbid anatomy 
and histology, but it was nevertheless sufficient to provide 
a rationale for treatment either through the complete extirpa- 
tion of tumour cells by surgical methods, or later through 
their destruction tn situ by radiation Each of these methods 
has its recognized limitations, and whether or not they have 
nearly been reached, there would clearly be immense advan- 
tages — since dissemination is an outstanding feature of the 
disease — m any less local and more systemic control of 
malignant growth, such as could presumably be achieved by 
chemical means alone This has, of course, been recognized 
from the earliest beginnings of the study of cancer, and we 
arc perhaps inclined to forget that ventures in chemotherapy 
(of a kind) long antedate the modem developments of surgery 
Thus at different times in the past fifteen hundred years 
there have been applied such diverse agents as belladonna, 
aconite, mercury, antimony and arsenic, with numerous 
others m addition As with many similar examples in the 
hutory of medicine, the inefficacy of treatment was reflected 
in the development of vogues and fashions, of which a good 
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example is found in the eighteenth-century use of the Vienna 
hemlock by Storck 1 (Essay on the medicinal nature of hemlock, 
Edinburgh, 1762) 

It is evident that a great number of these chemical applica- 
tions acted— when indeed they had an action — merely as 
caustics or escharotics, and this applied particularly to the 
local use of concentrated acids (both mineral and vegetable), 
of concentrated alkalis, and of various metals and metalloids 
such as silver nitrate, copper salts, salts of antimony and 
mercury, zmc chloride, arsenic and litharge Yet it is possible 
that one of these agents, if only one — namely, arsenic — had 
an action which, if certainly not specific, was conceivably 
less indifferent It is certainly true that the effects of arsenic 
m cancer have been studied more continuously than any of 
the host of substances which has been examined m the past, 
finding mention from antiquity to the Renaissance in Celsus, 
Scribonius, Theodonc ( ? arsemous acid), Fallopius and many 
others (see also Ronnow, Mem ,+Acad roy Set , Stockholm, 
1778) Later we find repeated mention of the powder of 
Fuscius (a mixture of arsenic, snake-root and soot), of the 
pdte arsemcale of the French surgeons (containing arsemous 
acid and similar to the pulvts anticarcinomatosa of Cosmo), 
of Dupuytren’s powder consisting of arsemous acid with 
calomel, and of Plunkett’s nostrum of white arsemc in 
crowsfoot, dogfennel and sulphur Not greatly more than 
a hundred years ago, Astley Cooper was still employing 
an arsenical application in the local treatment of certain 
cases of chimney-sweep’s cancer, and a mucilage of arsemous 
acid was being used by William Marsden, the founder of the 
Royal Cancer Hospital in 1851 Interest m the therapeutic 
effects of arsemc was greatly stimulated in 1865, when 
Lissauer described marked symptomatic improvement 
following administration of potassium arsemte (Fowler’s 
solution) in leukaemia A few years later, Billroth published 
the records of a case of lymphoblastoma which showed 
repeated and dramatic responses to the administration 
of Fowler’s solution, as a result of which extensive 
tumour-masses and enlarged lymph-nodes almost entirely 
disappeared 

However, as indeed we should expect, the therapeutic 
effect of most of these substances seems to have been illusory, 
unproved, trivial, or at the most, fleeting, and the best 
expression of such opinions is seen in the words of contem- 
porary authors themselves Thus Pott, discussing the 
advantages of surgery, wrote 

“ If v.e were possessed of any medicine, either external or 
internal, which had been known now and then to have 
dissolved scirrhi, it would always be right to recommend the 
trial of them previous to an operation , and it would always 
be right to defer operating until such trial had been made 
But the truth is, we know no such medicine , ” 

and again. 

We are not yet so happy as to be possessed of any 
medicine which will cure a cancerous habit When the 
constitution is thoroughly infected, neither our knives or 


Not surprisingly from what wc know of such matters the sovereign if rati 
clusne specificity of this plant appeared to res.de only m the true Vienna hemlo 
(M Ani.Ua nutlet fulsse i eram cicutam) and Sir John Hill (wiw , , 
felons for More who are nUllaed wl ,h eancersVTc ot\ 

Vienna hemlock w,lh which Dr Storck has cured many cancers and which 
now raised in England London n d [c 1773]) accordingly went so fa? as 

sKyst? ss?“ - 1 ”"" ■ 


caustics will avail , they can only remove the local mischief 
but can have no effect on the general one in the 
constitution ” 

Burrows ( A new practical essay on cancers, London, 1767), 
concluded 

“ that whatever has been proposed for the curing of cancers 
are merely palliative medicines , and that no real specific 
has been hitherto discovered for that fatal disorder, although 
the physicians of all nations, from the time of Hippocrates 
to the present, have, by numberless researches and experiments, 
made trial of every thing in nature, from the most innocent 
drug, to the most virulent poison, both in the mineral and 
vegetable kingdoms , yet the disease still baffles the power 
of physic ” 

Even more forthright was Peyrilhe, also writing m the 
latter part of the eighteenth century (Dissertation acadenuque 
sur le cancer, Paris, 1776) when he postulated that every 
attempt to cure a cancer, by any method which is to restore 
the diseased tissues to a healthy state, is not only vain but 
absurd It must freely be admitted we have even better 
reasons now, than Peyrilhe had then, m support of such 
scepticism What are these reasons 9 In the first place, the 
fact that the cancer cell is but a modification of the normal 
somatic cell holds out little prospect of a chemotherapia 
specifica in Ehrlich’s sense, whereby chemical substances 
which, on the one hand, are taken up by certain parasites 
and are able to kill them, are, on the other hand, tolerated 
well by the organism itself, or at any rate without too great 
damage 1 Further, the conversion of a normal into a 
malignant cell is possibly brought about, as we have seen, by 
a re-onentation of enzyme constitution of such a kind as 
would not necessarily involve any great change in grocs 
protem-structure or m immunological specificity 

It is considerations such as these which underly the 
apparently complete absence of any protective reaction on 
the part of the host against its own tumour, and which 
militate against any chemotherapeutic discrimination between 
the normal cell and its malignant variety Even if Claude 
Bernard’s dictum is no longer strictly accurate, that “ tous 
les medicaments sont, en definitive, des poisons ” ( Le$ons de 
pathologie expenmentale, p 72), it has always been a matter 
for legitimate doubt whether a therapeutic agent could 
impair the growth of malignant cells, without equally 
damaging the normal cells and especially those which are 
engaged in active division, for example, in the intestinal 
mucosa, the bone-marrow, and the generative organs 
An even more serious obstacle is the fact that the malignant 
variant is to all intents and purposes quite permanent and 
irreversible Hence, even if its growth is impeded by any 
agent save the most specific (so far unknown), it is likely, 
after a longer or shorter interval, to recover and recur In a 
previous paper (Haddow, 1947) 5 we have shown that cancer 
is no ordinary disease, but rather the unique development of 
a new and specific cell-type in response to unfavourable 
conditions , this again is one of the inherent difficulties 
besetting any attempt at chemotherapy, namely, that we are 
m effect expected to undo what can almost be regarded as 
a natural process, which proceeds m one direction with 
facility, but must from its essence be considerably more 
difficult to reverse 


* (See BMB 1946 4, 241] 
» [BMB 964] 
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In the writer s opinion the best prospects of success, anil 
certainly the most satisfying intellectually, should come from 
persistent investigation of the mode of action of carcinogens, 
so that b) increasingly exact and quantitative knowledge of 
the process as it occurs m one direction, we may estimate at 
any rate the feasibility of its deliberate reversal While this 
may seem a counsel of perfection, the indications arc tint 
e problem is very likely just soluble, even although success 
must depend upon a very considerable extension of our 
present knowledge, particularly in the direction of a com- 
parative assessment of the specific growth requirements of 
normal and malignant cells If, however, such a solution 
were to be looked upon as an unattainable ideal— and it is 
true that we do not yet know any chemical substance capable 
° producing permanent regression — it is entirely possible that 
use ultherapeuuc effects may be brought about by substances 
powerful enough to inhibit the mechanism of cell division 
m tumours (directly or indirectly), without affecting the 
omul tissues unduly It is perhaps a measure of progress 
a while we knew of no such substances even a few years 
nf°»\," en0 ' V * la ' c t ^ lrtC samples — in the treatment of cancer 
. , P rosta te with oestrogens, m the action of chloro- 
■ y amines in certain cases of Hodgkin’s disease and other 
ymphadenopathies, and in the effects of urethane upon the 
immature cells m leukaemia Admittedly, all these examples 
ave very manifest imperfections as practical measures, since 
none of the drugs is curative and their effects are usually 
ernporary There is, however, no doubt of at any rate their 
eoretical importance, as showing that the cancer cell is 
more susceptible to specific interference than was thought 
'o be possible less than ten years ago 


2. SYNTHETIC OESTROGENS 
a. Effects of Castration in Cancer of the Prostate 

The recent developments affecting the treatment of cancer 
of the prostate are mainly due to Huggins and his collabo- 
rators at the University of Chicago (treatment by castration 
and by the administration of oestrogenic substances), to 
Herrold (1941) at the University of Illinois (treatment with 
°«strogens), and to Munger (1941) (auxiliary treatment by 
•r-irradiation of the testes) (see Haddow, 1943) While 
treatment by orchidectomy strictly speaking has no place 
in a discussion of chemotherapy, its effects on the malignant 
prostate are so similar to those produced by oestrogens, and 
the two methods of treatment are so closely connected both 
in their development and mechanism, that it is impossible to 
dissociate them completely Dependence of the prostate 
gland upon the activity of the testis was recognized by John 
Hunter, who was aware that the prostate m castrates becomes 
small and inactive, and the same subject occupied the 
attention of Bland-Sutton over fifty years ago Much more 
recently, Kearns (1941) has recorded prompt retrogression 
of the normal prostate in two men subjected to castration, 
°ne case being of special interest, since the early atrophy 
was succeeded by regeneration of the gland after an auto- 
plastic testicular graft had resumed its function In 1893, 
White, having observed the retrogression of uterine fibro m a s 
after ovariectomy 4 , described the effect of castration on 


* Carl Ludwig noted in humans that loss or Ihe osanes not only stops Use 
men xt ni -i | cycles but may also cause a shrinkage of the uterus, and wuh this 
observation may b, compared the studies of Sir George Beatson (tS96) on the 
ult-raiim in raammiry cn f foWo* , <f *2 ovtn-ztomy 


prostata. hypertrophy, and shortly afterwards several 
clinicians (eg Hayden, Lihcnthal, Piercy, White, 1895 , 
Cabot, 1896) published reports describing relief of the 
symptoms of prostatism brought about by bilateral orchidec- 
tomy Through a number of causes (partly the alleged 
deleterious general effects of castration and partly the rise of 
prostatectomy), the procedure fell into disuse, and only 
Young (1936) appears to have employed it m prostatic cancer, 
although his experience was limited to two cases with negative 
result 

Following preliminary studies of the effects of castration 
on the normal and on the hyperplastic prostate glands of 
dogs, and on benign hypertrophy of the prostate m man 
(Huggins & Clark, 1940 , Huggins & Stevens, 1940), Huggins 
and his co-workers (Huggins, Scott & Hodges, 1941 , 
Huggins, Stevens & Hodges, 1941) reported evidence of 
tumour regression, with other clinical and pathological 
changes, in cases of advanced prostatic cancer treated by 
bilateral orchidectomy In a senes of 45 consecutive cases, 
castration caused no improvement in 5, in 9 cases there was 
only temporary improvement, and in 31 there occurred a 
sustained inhibition of the disease, lasting at least as long as 
30 months In the less satisfactory cases a phenomenon of 
interest was seen on 5 occasions, in a decrease in size of the 
primary tumour, coincident with rapid extension by meta- 
stasis In those patients who were improved, clinical evidence 
consisted of decrease in size of the primary tumour on rectal 
palpation and at cystoscopic examination, stabilization or 
regression of bone metastases, a decrease m the size of 
palpable lymph-nodes which were the seat of metastases, 
improvement m erythrocyte and haemoglobin values, with 
increased appetite, progressive gam in weight, and diminution 
of pain Very similar results were described by Sullivan, 
Gutman & Gutman (1942) in the following year 
In these cases, pain due to skeletal metastases was wholly 
or greatly relieved within a period varying between two days 
and a few weeks, increased calcification occurred at the site 
of metastases, gam in weight was frequently marked, and 
frequency of micturition, nocturia and dysuna were partially 
or completely relieved in most cases, usually within a few 
weeks these changes were accompanied by an improved 
sense of well-being, and several patients who before operation 
were confined to bed became ambulatory, and others resumed 
restricted activity Supporting evidence, substantially con- 
firming such results as the above, was soon brought forward 
by Neuswanger & Vermooten (1942), Higgins & Gosse 
(1942), Lane (1943), Smith & MacLean (1943), Bums & 
Kittredge (1943), Marquardt (1944), and Rathbun (1944), 
among others Following a senes of reports between 1942 
and 1944, Huggins has now more recently (1946) summarized 
his results after five years Remissions of varying length 
occurred m 18 of 20 cases of disseminated prostate-cancer 
treated by orchidectomy of these, 5 were alive after 
5 years — 4 being free from any clinical or laboratory evidence 
of the disease and one having only slowJv-advancing lesions 


b Influence of Oestrogens upon Cancer Of the Prostate 

In 1941, Herrold reported the results obtained m 12 cases 
of carcinoma of the prostate which he had treated with 
diethylstilboestro! A consistent finding was the relief of 
pam, often occurring promptly on the institution of therapy 
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When the first case in which stilboestrol was administered 
had received approximately 350 mg. over a period of 5J 
months, the primary tumour had regressed to half its former 
size, and was softer in consistency In other cases there was 
apparently either stabilization or recession of the carcinomas, 
accompanied by improvement in general physical condition 
and in some instances by a gam in body-weight. 

In 1940, Kahle & Mai try had reported the treatment of 
14 cases of prostatic hypertrophy by means of diethyl- 
stilboestrol, combined in 7 cases with various drainage 
operations In all these cases there was a marked improve- 
ment in, or complete relief of, the symptoms associated with 
obstruction and the presence of residual urine As treatment 
progressed, changes in the size and consistency of the gland 
were observed in all cases The findings suggested a trial of 
stilboestrol in carcinoma of the prostate, and while these 
authors were discussing this project it was found that one of 
the cases of hyperplasia also showed adenocarcinoma 
(at biopsy), and that the malignant cells gave evidence 
suggestive of regression, presumably as a result of the 
oestrogen therapy employed in the treatment of the hyper- 
plasia. In 1942, Kahle, Ogden & Getzoff presented 7 cases 
of carcinoma of the prostate— -6 proved by biopsy — which 
had been treated over two years with diethylstilboestrol 
In all the cases, therapy brought about prompt rehef of pam 
and urinary symptoms, the clinical improvement being 
accompanied by regression of the malignant lesions both 
primary and metastatic In Kearns’ (1941) series of 37 cases 
of carcinoma of the prostate, 12 were treated with stilboestrol 
only, 9 received ethinyl oestradiol only, and 16 received both 
substances He described the remarkable clinical ameliora- 
tion, with gain in weight, rehef of pam, improvement m 
blood-picture, slowing of sedimentation-rate, an approach 
to normal in the phosphatase estimations, retardation of 
growth in the skeletal metastases, with diminution in size 
and reduction of the nodularity and fixation of the prostate 
itself As m the use of castration, independent and largely 
confirmatory results were soon provided by a large number 
of authors, including Marquardt & Flaherty (1942), Clarke & 
Viets (1943), Duncan (1943), Heckel (1944), Fergusson 
(1944, 1946), Fergusson & Pagel (1945), Herbst (1945) and 
Denung (1946), while many other papers dealt with orchidec- 
tomy and oestrogen therapy as well (e g Chute & Willetts, 
1942 , Haines & Miceli, 1943 , Herger & Sauer, 1943 , 
Ibarra Loring & Marchant, 1943 , Graves & Cross, 1944 , 
Nesbit, PaZzos & Cummmgs, 1944) 

In an independent investigation of the influence of synthetic 
oestrogens upon advanced cancer in man, m which the first 
case commenced treatment on 18 February 1941, and which 
was originally prompted by the slight but significant inhibitory 
effect of various triphenylethylene oestrogens upon animal 
tumours (Badger, Elson, Haddow, Hewett & Robinson, 1942), 
Haddow, Watkinson & Paterson (1944) early encountered 
a case of prostatic cancer in which the presenting symptoms 
were frequency of micturition, shortness of breath and 
fleeting chest-pam Jf-ray examination suggested the 
presence of multiple secondary deposits m the bony pelvis, 
and in the following weeks similar deposits were recorded m 
the whole of the dorsal spine, in the nbs, femora and humeri, 
and in the lungs. Cystoscopy showed enlargement of both 
lobes of the prostate, with a large papillomatous mass in the 
left wall of the bladder While biopsy at first gave no 
undoubted evidence of malignancy, a second specimen showed 


a densely cellular mass of columnar-cell adenocarcinoma of 
prostatic type Treatment with the synthetic oestrogen 
tnphenylchloroethylene was started on 9 June 1941, and 
soon produced side-effects (bilateral mastitis and oedema of 
the ankles) attributable to oestrogen action. During treat- 
ment there also occurred a decrease m the frequency of 
micturition and some betterment of the general condition, 
which after 8 months was regarded as considerably unproved 
There was, however, no unequivocal radiographic evidence 
of change in the skeletal deposits, as judged by comparison, 
after repeated examination, of the various regions involved , 
but the prostate itself was described as “ not obviously 
enlarged” after 13 months, when a total of 1,346 g of 
tnphenylchloroethylene had been administered The case 
was later treated with stilboestrol in place of triphenyl- 
chloroethylene, and is also included as case 6 m a paper by 
Watkinson, Delory, King & Haddow (1944) It is almost 
certainly the first case of cancer of the prostate to be treated 
m Britain with a synthetic oestrogen, and is probably one 
of the most satisfactory, since the patient is alive and well, 
with the disease m apparent complete arrest, nearly six years 
later This case, with a few others treated with tnphenyl- 
chloroethylene, raises the question whether any advantage 
may attach to the use of an oestrogen with relatively- 
prolonged action , although no substantial evidence is 
available, the matter is one which should, if possible, receive 
some further attention Relatively disappointing results 
were, however, obtained by Greene (1946) and by the writer 
and his colleagues (unpublished), in clinical trials of the 
triphenylethylene derivative known as DBE (pp'-diethoxy- 
triphenylbromethylene) 

Cancer of the prostate is remarkable in that it is histo- 
logically discernible m from 9% to 17% of men over 50 years 
(Rich, 1935 , Moore, 1935). Smce a good proportion of 
these are not detected in ordinary circumstances, it is clear 
that many such cases remain entirely quiescent Individual 
cases of the manifest disease are also encountered in which 
the survival-period is exceptionally protracted even in the 
absence of treatment, and exceptional caution must therefore 
be exercised m any estimate of the effects of treatment in this 
respect Oestrogen therapy has, however, now been employed 
for a period sufficiently long at any rate to yield preliminary 
data thus Fergusson (1946) has recently compared 27 cases 
treated between 1940-43 without the use of oestrogens, and 
23 treated with oestrogens in 1942-46, with results which 
indicate, so far as they go, longer survival in a higher 
proportion Much larger numbers and closer statistical 
analysis will, however, clearly be required before any more 
accurate estimate is possible No evidence exists that 
carcinoma of the prostate can be cured by the use of 
oestrogens, but there is equally little doubt that under this 
form of therapy the foci of the disease may become quiescent, 
that life can be prolonged, and that temporary rehabilitation 
can be achieved 


c. Histological Alterations Due to the Administration 
of Oestrogens 

Herrold (1941) quoted a case (treated by Dunn) which 
received 480 mg of stilboestrol in 96 days, and in which 
biopsy of the testes showed a generalized degenerative 
process with no sign of normal cell-growth and with complete 
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disappearance of spermatids The intertubular spaces 
appeared to be ocdematous and to contain a reduced number 
of mterstiual cells 

In their earlier investigations of the influence of oestrogens 
on prostatic hypertrophy, Kahle et al (1942a, b) included a 
histological study of biopsy specimens obtained after treat- 
ment These showed deviations (from the typical picture of 
hyperplasia) manifested by a reduction m the number of 
papillary mfoldmgs, a reduction in the height of the 
epithelium, decrease m the size of the acini, and stratification 
of the epithelium with or without vacuolation The cyto- 
logical changes in these authors’ cases of prostatic carcinoma 
(similarly treated with stilboestrol) were made the subject 
of a separate paper by Schcnken, Bums & Kahle (1942) 
Most of the neoplastic cells of each of the cases showed 
marked nuclear and cytoplasmic regressive changes The 
nuclear alterations consisted of reduction in size, progressive 
condensation of the chromatin, loss of nucleoli, disappearance 
of mitotic figures, and pycnosis The early cytoplasmic 
changes consisted of the appearance of vacuoles, usually 
located at the base of the cell As the vacuoles enlarged, the 
nuclei became displaced towards the lumen of the acinu9 
This was followed by rupture of the cell-membranes and 
coalescence of the vacuoles of contiguous cells Such 
changes resulted m the nuclei either lying free, or becoming 
clustered in the centre of the acinar spaces, attached to 
delicate thread-like remnants of the cell borders Another 
note by Schenken & Bums (1942) recorded that identical 
changes were observed in the metastatic tumour-cells of an 
mguinal node Also, Hechel & Kretschmer (1942) described 
a case in which, at the end of 223 days, when 1,546 mg of 
stilboestrol had been administered, prostate biopsy showed 
widespread alteration m the neoplastic cells, characterized 
mainly by hydropic degeneration and vacuolation More 
recently, Fergusson & Pagel (1945) have successfully 
correlated the clinical and biological findings with the 
histological progress of the disease as judged by serial biopsy, 
the cytological changes being a reduction in the number of 
tumour cells, pycnosis, and concentration of nuclear 
chromatin 

d Mode of Action of Oestrogens upon Cancer of the 
Prostate 

Huggins et al (Huggins, Scott & Hodges, 1941 , Huggins 
Stevens & Hodges, 1941) pointed out that the action of 
oestrogens in cancer of the prostate is susceptible of several 
explanations, any or all of which may be operaUve These 
mechanisms include a direct action on prostatic epithelium, 
mactivation of androgens, depression of the gonadotrophic 
agents of the anterior pituitary, and depression of activity 
of the interstitial cells of the testis Kahle and his co-workers 
(Kahle & Maltry, 1940 , Kahle, Ogden & Getzoff, 1942a, b , 
Schenken, Bums & Kahle, 1942) suggested that the rapid 
change in the consistency and size of the hyperplastic 
prostate, and in the consistency of the carcinomatous gland 
a change sometimes observed as early as 48 hours — argued 
ui favour of a direct, or possibly even selective, action on the 
epithelial cells But they agreed that other possibilities, not 
excluded by a hypothesis of direct action, are firstly, an effect 
mediated by the anterior lobe of the pituitary on the androgens 
elaborated by the interstitial cells of the testis, and secondly, 
androgen inactivation by a change in the androgen-oestrogen 
balance There is little doubt of the validity of Huggins 


general hypothesis of the androgen dependence of prostatic 
epithelium both normal and malignant, and the remarkable 
effects of oestrogens in cancer of the prostate would appear 
to be due to an action upon such residual physiological 
properties still possessed by the malignant cells 

e Ovariectomy and Oestrogens in Cancer of the Breast 

Although the clinical usefulness of castration and oestrogens 
in cancer is practically confined to carcinoma of the prostate, 
the fact that their action is not entirely specific to this organ 
is proved by equally remarkable if much less frequent effects 
m cancer of other sites, and particularly of the breast 
Reference has already been made to the early observations 
of Sir George Beatson on the palliative effect of ovariectomy 
in breast cancer, and there has of recent years been a natural 
revival of interest in this subject Thus, on the experimental 
side, the effects of ovariectomy and adrenalectomy on 
lactation m the mammary tumours of dogs have been studied 
by Huggins & Moulder (1944), castration for advanced 
malignant lesions in man has been dealt with by Howes 
(1944) and by Omdoff (1944), bilateral ovariectomy with a 
radical operation for cancer of the breast is described by 
Horsley (1944), the effects of ovariectomy on primary and 
metastatic cancer of the breast by Treves, Abels, Woodard & 
Farrow (1944), and the regression of bone metastases from 
breast cancer after ovarian sterilization by Ritvo & Peterson 
(1944), while Leucutia (1946) has discussed the value of 
orchidectomy in the treatment of carcinoma of the male 
breast. 

In the paper by Haddovv et al (1944) already mentioned, 
the results are given m 73 cases of advanced cancer which 
received treatment with the synthetic oestrogens, tnphenyl- 
chloroethylene, tnphenylmethylethylene or stilboestrol Of 22 
cases of late malignant disease of the breast treated with 
tnphenylchloroethylene, 10 showed a significant although 
temporary retardation, or even partial regression, of the 
growth of the tumour , but the initial effect of treatment m 
these cases passed off comparatively rapidly, the ultimate 
course of the disease was in no way altered, and no evidence 
was obtained to suggest that treatment could prevent the 
development of metastases Of 30 similarly-treated cases of 
advanced malignant disease other than cancer of the breast, 
only two (carcinoma of the bladder, carcinoma of the prostate) 
showed undoubted partial regression of the tumour Of 14 
cases of carcinoma of the breast treated with stilboestrol 
(by intramuscular injection or by mouth over a period of 
several months), 5 showed alterations in the growth and 
behaviour of the tumour similar m nature to those produced 
by tnphenylchloroethylene Similar cases have been reported 
by other authors (Tudor Edwards, 1943 , Brnnie, 1944) 

If it is true that we have here no real contnbution to effective 
therapy, it is equally true that such responses are of the very 
greatest theoretical and fundamental importance Even if 
the property of oestrogens on which they depend is among 
the most complex of all drug actions, it is somewhat disap- 
pointing that so little progress has been made in deciding the 
basis of these effects It is, of course, likely that such 
relatively massive doses of oestrogens depress the pituitary 
and hence the ovary, but it is specially important to decide 
whether the temporary nature of the tumour response is due 
to an endocrine adaptation to such depression, or to an 
acquired resistance on the part of the tumour cells themselves 
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3 THE /S-CHJLOROETH'* L AMINES 

From research on chemical warfare conducted during the 
war of 1914-18 and in later years, it was early appreciated 
that exposure to mustard gas ( bis ()3-chloroethyl) sulphide) 
was capable of producing systemic effects on the haemo- 
poietic and especially the leucopoietic tissues, and on the 
gastro-intestinal tract (see Gilman &. Philips, 1946) As a 
result of the enotmous expansion of such work in the recent 
war, both in Britain and in the United States, greatly increased 
attention has been paid to this and other biological effects, 
and is reflected m a growing literature on the reaction of 
mustard gas, for instance, with proteins (Kinsey & Grant, 
1946 , Banks, Boursnell, Francis, Hopwood & Wormall, 
1946), with carboxyl groups and with the amino groups of 
amino acids and peptides (Moore, Stein & Fruton, 1946), 
and with methionine (Stein & Moore, 1946) and other ammo 
acids (Boursnell, Francis & Wormall, 1946), while numerous 
additional papers deal with other aspects of the chemical 
reactions of mustard gas and related compounds (e g by 
Stem, Fruton, Moore, Bergmann, Stahmann and others) The 
wartime biochemical research upon mustard gas which was 
conducted by the Oxford school has recently been summarized 
by Peters (1947) and the medical aspects of mustard-gas 
poisoning by Cullumbine (1947) 

Among the many new compounds prepared for the purposes 
of chemical warfare, special interest attached to the bis- and 
iris (jS-chloroethyl) amines, as nitrogen analogues of mustard 
gas, or so-called “ nitrogen mustards ”, and it was soon 
recognized that these, like mustard gas itself, were not 
merely contact-vesicants but could induce cytotoxic effects 
in a wide variety of tissues, and especially in those which 
are in a state of active proliferation 

a Cytotoxic and Nucleotoxic Effects of the Chloroethylamines 

For both sulphur and nitrogen-mustards, this relatively 
specific cytotoxic action upon growing tissues is an out- 
standing pharmacological property, and after adequate doses 
affects the bone-marrow m the production of leucopenia, 
thrombocytopenia and anaemia, the intestinal tract m the 
production of diarrhoea and vomiting, and lymphoid tissues 
generally in the appearance of persistent lymphatic atrophy 
In attempts to ascertain the cytological basis of such effects, 
it has become clear that the mitotic activity of a variety of 
cells from unicellular, invertebrate, amphibian, mammalian 
and plant forms is highly sensitive to inhibition by mustard 
gas and the chloroethylamines (Gilman & Philips, 1946) 
Thus, exposure of yeast-cultures to mustard gas can produce 
an immediate reduction in growth-rate which persists through 
several generations without recovery , the early cleavage of 
the sea-urchin egg is inhibited by immersion of either the 
unfertilized egg or the early zygote in minimally effective 
concentrations , the exposure of young salamander larvae 
leads to immediate cessation of growth, attributable to an 
inhibition of mitotic activity in the proliferating regions , 
the corneal epithelium of mammals can be depleted of 
mitotic figures for several days , and mitotic activity is 
decreased in the lymphoid, myeloid and erythroid series in 
the rat, as also in the regenerating livei-cells following partial 
hepatectomy (see also Marshak, 1946) In a recent study, 
Bodenstein exposed embryos of Amblystoma punctatum for 
45 minutes to a 0 001 % solution of methyl bis- (j9-chloroethyl) 
amine hydrochloride the substance selectively attacked the 
centres of proliferation, and left the differentiating regions 


quite unaffected, so that all mitotic activity was abolished 
within two days These toxic effects of the mustards upon 
cell-division appear to be divisible into two types First, 
a mere airest of mitosis in the resting-stage, brought about 
by mild exposure, and, second, an extensive nuclear frag- 
mentation (e g in the cells of the corneal epithelium) following 
exposure to concentrations higher than those which involve 
only a mitotic inhibition A remarkable example of this 
latter effect is seen in the pollen grains of Tradescantia 
following exposure to mustard gas (Koller, unpublished) , 
mild exposure prolonged the resting-period but also caused 
chromosome breaks, while more severe exposure induced 
multiple breaks with fragmentation, pycnosis and ultimate 
death of the cell Further evidence of nucleotoxic action 
has been obtained through the disturbances produced by the 
mustards in the structure and function of chromosomes in 
Drosophila melanogaster (Auerbach & Robson, 1946) 
Following exposure of adult males to doses which did not 
reduce fertility unduly, genetic analysis of the X chromo- 
somes revealed an incidence of sex-linked lethals greatly in 
excess of the natural rate of mutation Mustard-gas muta- 
tions have also been described in Neurospora by Horowitz, 
Houlahan, Hungate & Wright (1946) The fact that few 
if any other chemical agents have such an action on the 
chromosomal mechanism gives added point to the com- 
parison of the effects of these substances on other grounds 
as well (particularly the damage to haemopoietic and other 
growing tissues) with those of x- and ultraviolet radiation 

b Possible Modes of Action of the Chloroethvl Amines 
and Sulphides 

The ability of halogenated alkylammes to form cyclic 
onium cations had been known for some years, and it was 
soon established that the nitrogen- and sulphur-mustards 
owe many of their characteristic properties to an intra- 
molecular cyclization of this kind, which is illustrated in 
I and II for the case of methyl-£>i.s(j3-chloroethyl)amine 
(Hanby &. Rydon, in press , Hanby, Hartley, Powell & 
Rydon, in press , and other references quoted by Gilman & 
Philips, 1946) 

I 

,ch 2 ch 2 ci 
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Numerous other references, both published and unpub- 
lished, are cited by Gilman & Philips (1946), who also draw 
attention to the capacity of ethylenesulphomum or imonium 
compounds to alkylate such functional groups as various 
ammo, imino, imidazole, sulphydryl, sulphide and phenolic 
groups of amino acids and peptides , inorganic phosphate, 
glycerophosphate and hexose phosphates , the ammo groups 
of adenosine and thiamine , the pyndmo-N of nicotinic acid 
amide and pyridoxine , and the carboxyl and ammo groups 
of numerous proteins While it appears generally accepted 
that the cytotoxic effects of the chloroethylamines may 
depend upon a similar reaction with some essential con- 
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stuucnt, no further discrimination has as yet been possible 
In recent papers, Gjessing & Chanutin (1946) and Chanutm iS. 
Gjessing (1946) show thit the nitrogen mustards arc capable 
of reacting with amino acids, peptides, proteins, purines, 
pyrimidines, and inorganic and organic phosphates, and that 
they decrease the viscosity of thymus nucleate solutions, this 
depolymermng effect being attributed to the cthylcmmine 
ring transformation-product 

In a recent pharmacological study of the chloroethylammes, 
Bo>!and (1946) suggests that their high toxicity may in part 
be due to the fact that they arc lipoid soluble substances of 
low molecular weight which probably penetrate cells readily, 
and having penetrated arc less easily removed on account of 
combination with essential cell-constituents or the formaUon 
of toxic ionized lmonium salts Distinguishing the toxic 
effects of these substances as vesication, hacmoconccntration, 
diarrhoea, inhibition of mitosis and an acute convulsive 
effect, Boyland regarded the vesicant action as certainly due 
to the parent amines and the convulsant action to the 
reaction-products with water 

In an extension of work on the well known capacity of 
mustard gas to interfere with the process of carcinogenesis, 
Berenblum, Kendall & Orr (1936) showed, over ten years 
ago, that the addition of mustard gas to minced tumour-tissue 
m vitro resulted in reduction of oxygen-consumption and a 
marked depression of aerobic and anaerobic glycolysis, and 
Gilman & Philips (1946) quote many examples, arising from 
wartime research, of a similar action upon such normal 
tissues as skin, brain, cornea, bone-marrow, spleen, thymus, 
liver and kidney These findings led in turn to the possibility 
that the cytotoxic action of the mustards might be attributable 
to the specific inactivation of cellular enzymes In a long 
list of enzyme-systems of which the sensitivity has been 
determined, the majority proved either resistant or to be 
only moderately inhibited, but among the most highly sensitive 
systems are hexokmase, creatine and pyruvate phosphokinase, 
inorganic pyrophosphatase, adenylic acid deaminase, and 
cholinesterase (see Thompson, 1947) With the general 
hypothesis that the effects of the mtrogen vesicants may be 
linked with enzyme inactivation, should be compared a 
specific suggestion that primary inactivation occurs only in 
the special class of the phosphokmases, which are concerned 
with phosphate transfer to or from adenylic compounds 
(see Dixon & Needham, 1946) As, however, in so many 
other cases, it would appear that certain of the characteristic 
biological changes (e g interference with mitosis) may be 
produced by concentrations of the chemical agent lower than 
ose necessary to affect either respiration or glycolysis 
C ®*P erunen l a l and Clinical Applications in Chemotherapy 
ilman & Philips (1946), with their collaborators, 
Goodman, G E Lindskog & S Dougherty, were the first 
fth' I n' ,eStlSate e ®® cts a mtrogen mustard (lm(chloro- 
y famine) in malignant disease m man, and were followed 
y oodman, Wmtrobe, Dameshek, Goodman, Gilman & 
T, 0 ,, 11113 ? (1946) and by Jacobson, Spurr, Barron, Smith, 
baugh & Dick (1946) The last authors obtained 
couraging results in Hodgkin’s disease mainly, failure 
5 ncou bt e red in acute leukaemia and multiple myeloma 
, , e ^ults in the majonty of cases of myelogenous 
Sm,n? II i> la T.k em ® unsatisfactory Later Spurr, Jacobson, 

, & Barron (1947) recorded symptomatic control in 
era! cases of Hodgkin’s disease out of 29 which were 
94 vr ° Ver J 5er,0< i s ranging from 3 months to 3 years 
* 0 courses of treatment resulted in significant 


remissions Nine cases of chronic lymphatic leukaemia 
showed remissions of between 2 and 24 months, but 5 of the 
cases had died after 18 months Remissions were also 
observed m 4 of 6 cases of lymphosarcoma, and in 7 cases of 
pol) cy t/iaenua rubra \cra, but there was no relief even of 
symptoms in acute leukaemia, and only transitory effects in 
chronic myeloid leukaemia In a recent review of the use 
of the nitrogen mustards in the treatment of neoplastic 
disease, Rhoads (1946) draws attention to the similarity of 
their effects to those of x rays, and cautions that they are 
in no sense curative for any type of cancer so far studied 
and that the tumour regressions induced are only temporary, 
and rarely persist more than several months 

Interesting experimental observations on the effects of the 
mtrogen mustards on tumour-tissues have recently been 
published by Karnofsky, Burchenal, Ormsbee, Cornman & 
Rhoads (1947) The compounds examined were /rafchloro- 
ethyl)aminc[HN3],methyl-6u(chloroethyl)amine[HN2],ethyl- 
6«(chlorocthyI)amine[HNl] and lsopropyl-te(chloroethyl)- 
aminc, and were both studied in normal animals and assayed 
for inhibitory activity against the growth of various types 
of neoplastic tissue under different conditions (leukaemia 
in mice, mouse-sarcoma 180, the same tumour growing on 
the chorio-allantoic membrane of the developing chick-egg, 
and other tumours in roller-tube culture) All compounds 
were tested against several leukaemias m mice, by means of 
an interesting and unusual technique The given dose having 
been dissolved m saline and injected intravenously mto the 
leukaemic animal, the latter was killed one hour later, or 
examined at death when this occurred under one hour with 
higher doses, when the spleen was removed, and a spleen 
Bret was inoculated into four young mice of the homologous 
pure line In such experiments, large doses usually proved 
either completely cytocidal to leukaemia cells, or so affected 
them that then: subsequent development in the bioassay 
might be much prolonged 

As well as providing a measure of the cytocidal activity of 
such compounds, this method also illustrates their therapeutic 
limitation, since the cytocidal doses of HN3 and HN2 were 
respectively 7-22 and 8-12 times the LD 50 with the ethyl 
and isopropyl analogues, no clear evidence of cytocidal 
activity could be obtained even at much higher multiples 
Among other results of interest, it was observed that a dose 
of HN3 not lethal to a 12-day egg bearing actively-growing 
sarcoma 180 on the chorioallantoic membrane, within 30 
min utes rendered the tumour incapable of growth on 
subsequent transplantation mto mice In tissue-culture 
experiments, evidence was obtained of wide differences in 
susceptibility as between one tumour-type and another, the 
tumour cells in some cases appearing more sensitive than the 
normal In other cases it was seen that tumour cells might 
be rendered non-viable (as judged by bioassay) while showing 
no obvious signs of morphological damage 


4 THE ACTION OF URETHANE IN LEUKAEMIA 
a Effects of Urethanes upon Animal Tumours 
Some years ago, the writer embarked upon an investigation, 
nth W A. Sexton (Haddow & Sexton, 1946), of the action 
pon animal tumours of a senes of phenylurethanes 
ivestigation was prompted first by a statement by Leev 
1939) that phenylurethane (HI) produces mitotic sttecn 
xactly similar to those described for colchicine, an 
y the work of Templeman & Sexton (1945) on , 

rylcarbamic esters and related compounds upo 
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other plant species These authors paid special attention to 
isopropyl phenylcarbamate (IV), regarded its effect on 
nuclear division as probably similar to that of colchicine and, 
in view of the low concentrations necessary to arrest growth, 
suggested its use m the eradication of graminaceous weeds 

III 

£3“ nhcooc 2 h 5 

ethyl phenylcarbamate (" phenylurethane ”) 

IV 

£3nH C0 0 CH ( c H 3 ) 2 

isopropyl pheny'cirbamate 

In the first experiments, administration of phenylurethane 
was soon found to produce mitotic poisoning in the crypts of 
Lieberkiihn in the mouse intestine, but as far as could be 
judged this effect was not due to retardation of the mitotic 
cycle at any single phase, and was therefore readily distin- 
guishable from the characteristic effect produced in the same 
tissues by colchicine Secondly, phenylurethane (and also 
isopropyl phenylcarbamate) was found to cause a significant 
retardation of the growth of spontaneous mammary cancer 
m the mouse, an effect which persisted only during adminis- 
tration, and passed off rapidly when the drug was withdrawn 
Thirdly, both these substances produced a similar retardation 
in the growth of the Walker rat carcinoma 256 Very 
surprisingly, it was next found that these effects are 
also produced by ethylcarbamate (urethane) itself 
(NHo CO O C 2 H 5 ), the inhibitory activity of this substance 
being actually greater than that of either of the phenyl- 
carbamates when tested against the Walker carcinoma This 
action of urethane was then found to be accompanied by a 
profound modification in the histological structure of the 
tumour, the characteristic cellular structure giving place to 
a more fibrous structure with an abundant stroma, and 
indicating a change in the direction of increased differentiation 

b. Clinical Effects upon Leukaemia in Man 

Although these effects upon growth were in no way 
dramatic, the fact that they might be brought about by a 
known substance as simple and as readily available as 
urethane, suggested a trial of its action m inoperable cancer 
in the human subject Clinical trials, using urethane and 
isopropyl phenylcarbamate, were therefore started in 1943, 
first at the Royal Cancer Hospital, London, and afterwards 
m collaboration with the Christie Hospital and Holt Radium 
Institute, Manchester The results of these early trials, 
mainly in carcinoma of the breast and a miscellaneous group 
including other types of malignant disease, were mainly 
negative, apart from possible slight and temporary alleviation 
m a very few cases It was, however, decided to pursue the 
investigation for a further period, and in that part conducted 
at the Chrtsue Hospital, it was next observed, by Dr Edith 
Paterson, that urethane produced a fall in the leucocyte- 
count in some of these cases, following which the clinical 


trial was extended to include examples of leukaemia and 
other lymphadenopathies From the results, which were later 
described by Paterson, ApThomas, Haddow & Watkinson 
(1946), it soon became obvious that urethane does, in fact, 
produce remarkable changes in leukaemia, represented m the 
most favourable cases by a fall m total leucocyte-count to 
normal limits, a tendency for the differential count to approach 
a more normal pattern, diminution in the size of the spleen 
and enlarged lymph-nodes, and a rise in haemoglobin level 
There is a striking similarity between the leucocyte responses 
and those brought about by .way therapy There is, 
however, no indication that permanent benefit may result 
from the use of urethane in either myeloid or lymphatic 
leukaemia, since relapses take place, immature cells may 
reappear in the blood, and all these changes are essentially 
reversible 

These investigations show one curious feature, namely, 
that while the effects of urethane on growth were first 
observed in animal material, and while it was these findings 
which justified and led to the study of urethane m cancer 
m man, the characteristic effects in leukaemia were then 
detected solely as the result of clinical observation Although 
the emphasis is now once again on animal experiment, with 
the objective of determining the mode of action of the drug, 
it has become clear to the writer that various leukaemias 
in the mouse and rat are relatively refractory to the influence 
of urethane, and that the remarkable effect which is shown so 
clearly in the human, might readily have eluded discovery if 
attention had been confined to ammal material alone In 
other cases, positive effects of different kinds obtained with 
ammal tumours have been not at all reproducible m the 
human, and we have here an illustration of the way in which 
success m such work is subject to a severe hazard in the 
variability of response of different tumours 

c Possible Modes of Action 

The results of other experiments have indicated that the 
growth-inhibitory action of urethanes upon the Walker rat 
carcinoma is restricted to a few such substances, and is 
certainly not shown by the great majority of a long series 
of related compounds This probable high degree of 
specificity of the action of urethane obviously raises interesting 
problems as to its mode of action Although a great deal of 
work has been recorded on the suppressive action of urethane, 
phenylurethane and related carbamates on other growth 
processes, as m bactena, protozoa, sea-urchin eggs, plant 
tissues, and animal tissues growing m vitro , little of this is of 
direct assistance in suggesting the mechanism by which 
urethane produces its effects in leukaemia 

It might, however, be expected that assistance could be 
obtained from the extensive literature dealing with urethanes 
and narcosis As long ago as 1910, Warburg recorded that 
if phenylurethane (c 1/2,000 N) is added to seawater con- 
taining eggs of the sea-urchin, Strongylo cent rot us hvidus, 
cell-division and nuclear division are suppressed, while the 
oxygen-consumption is only very slightly reduced Later, 
Warburg (1921) advanced the general theory that narcosis is 
due to adsorption of the narcotic m ummolecular layers on 
the catalytic surfaces involved in oxidation The next 
interpretation, an attempt to relate both narcosis and 
inhibition of cell-division with a general inhibition of 
dehydrogenases, is faced with the difficulty that the concen- 
trations required to induce narcosis, and to suppress growth. 


424 



Cl 1LMO 1 1 ILRAl’1 OI CANCER A llaidov 


are often far smaller tlian those required to mhibit enzyme- 
reacuons Kctlin A. Hartrcc (1939) found that urethane and 
other narcotics, which in the presence of biological rcducing- 
sys terns inhibit the reduction of the cytochrome components 
a, aj and c, inhibit, on the contrary, the oxidation of b , and 
they suggested that the effect of urcthano consists in bringing 
about the formation of a not easily dissociable complex 
composed of dehydrogenase, substrate and cytochrome b, 
and so nuking it inaccessible to tho portion of the system 
reacting with oxygen Quastcl (1943) also put forward the 
qualified view that the inhibition of respiration of brain tissue 
obtained by low concentrations of narcotics under aerobic 
condiuons is due, not to compctiuon of the narcotic with 
substrates for their dehydrogenases, but to the affinity of the 
narcohe to a special component playing an important part 
in the complete respiratory process of the cell — the narcotic 
effect being restricted at low concentrations to a tissue 
component which is possibly a flavoprotcin. It is of special 
interest here that the “ activity system ” of Fisher Si Stem 
(1942) (that is, that portion of the over- all respiration which 
is most sensitive to inhi bition) appears to be associated with 
the maintenance of normal mitosis, for when it is differen- 
tially suppressed by appropriate concentrations of urethane, 
abnormal nuclear figure* appear In a special ease, Johnson, 
Eyrrng, Steblay, Chaplin, Huber & Ghcrardi (1945), have 
summarized our present knowledge of the relation between 
luminescent oxidation, the respiratory pathway in bacteria, 
and the inhibitory action of urethane the luminescent 
system shows a characteristic sensitivity to urethane and is 
affected to a much greater extent than total oxygen- 
consumpuon. 

When the first results on animal tumours were being 
considered, it was suggested by Professor A. R. Todd that 
urethane might conceivably act by competing with some 
natural amine involved m the biosynthesis of nucleotides 
The possibility that urethane might act by inducing a 
deviation especially, say, in punne synthesis, became even 
more suggestive when its action upon leukaemia was 
discovered, in view of the long-recognized aberration of 
punne metabolism m leukaemia, and speculations regarding 
a relationship between leukaemia and uratosis in subjects 
carrying a latent tendency to gout. Investigations of the 
punne metabolism in several of the cases reported by Paterson 
el al (1946) have not as yet been sufficient to yield any useful 
data, largely because in none of them was the unc-acid 
content of the blood unduly raised before treatment It is, 
however, remarkable that colchicine, which was earliest 
employed for its action upon gout, then observed to produce 
effects upon the bone-marrow (Dixon & Malden, 1908), later 
discovered to have its profound infl uence on mitosis, and 
since known to have some action in leukaemia (Kneedler, 
1945), should be imitated by arsenic both in the treatment of 
leukaemia (see Forkner, 1938) and m effects on the mitoUc 
cycle (Piton, 1929 , Chodkowski, 1937 , Dustin, 1938), and 
now to some extent by urethane in leukaemia and on 
cell-division. 


It is an important problem whether the primary action of 
urethane is upon the growth mechanism or upon differentia- 
Uon-proccsscs— to the extent that the two are separable 
At the present moment one regards the latter as the more 
likely, and can only suggest that the drug may act on growth 
primarily through the processes of maturation, and in 
leukaemia by tending to remedy some deficiency in these 
processes Quite apart from any question of its practical 
clinical usefulness— and this, as has been shown, is clearly 
limited— there is little doubt of the value of the observation 
itself for the future study of errors of differentiaUon in general 


5 CONCLUSION 

From the evidence summarized m this and a previous 
paper (Haddow, 1947)," there can be no misunderstanding 
as to the almost insuperable problem which the chemotherapy 
of cancer presents, and which, in search of a comparison, 
we can almost liken to a biological counterpart of the 
squaring of the circle It is mdeed true that those who have 
considered the matter most thoroughly are under the least 
illusion as to its practicability That the subject will continue 
to be mvestigated, quite regardless of success, is, however, 
equally true, and it must therefore be our duty to stimulate 
this process as far as possible, while at the same time never 
failing to underline its inherent and therefore inescapable 
difficulties The slight advances of the past few years are, 
however, more than were accomplished in any previous 
period, and it is surprisingly likely— and very much to be 
hoped for — that a review such as the present will compara- 
tively soon be out of date Exactly one hundred years ago 
W H Walshe, then the professor of pathological anatomy 
m University College, wrote as follows {The nature and 
treatment of cancer, 1846) 

' There is no medicine known havmg claims to the character 
of a* specific in cancerous diseases, nor even endowed with 
the SDecial attribute of invariably modifying the course of the 
affection But this is no reason that such a medicine may 
not be found the history of mercury and -quinine teaches the 
follv of absolute scepticism in respect of the reality of specific 
acents The efforts of those, who are placed in a position 

fitted for the purpose, should be unceasing m the search after 
“ T 1 ‘“Lpriirine for nothing can be more unphdosophical 
?hm to include ’that . t does not exist became ,t has not yet 
been found It is manifestly not from the oi -okAoi of 
j .""vL. ,hat the discovery of so inestimable a boon is 
MV to bfexo^cS^ it is from him who, thoroughly 
velsed in the diagnosis of disease has enough of incredulity m 
his intellectual composiUon to doubt the evidence which is 
not reoeated ume after time in similar cases who has a fund 
of natrence which no labour can exhaust, and a conviction of 
die S“ur of his task, which disappointment, belt repeated 
ever so often, can never succeed in shaking 
It is to be feared that the problem is more unpromising 
than even Walshe believed, but on his note of buoyancy— 
Xh will certainly be needed for a long time to come-we 

may end 

• [BMB 9 S 4 1 
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SURVEY OF THE DANAKHIL* DESERT 


5 SsSssS; £ r&T? '? s-cafi 

J * AWicwu • Iticne Tnj, cs'c Scztone Enuea) 


MUvMtrT? r ‘r ^ detailed and informal account. 
Ueut -Colonei r n R C °S S f, 0n , C ° atroUcr of Agriculture, and 
the Bnhsh PoUock - Principal Medical Officer, to 

to thetWhd n^« dl T 1St ‘; at10 ^ at Enlrca - of an exped.uon 
Md un , dcrt i k = n members of the Agricultural 

The fi rft epart f l t , Thc rc port is divided into 4 parts 
and ph > siaaI geography of the district 

Man whkl. . iao i^ of thc mhabitants written by Dr Luigi 
deakm^nnrt^!^ 0 ° 8I u t an ? 1S responsible for Part HI, which 
genera anrI^n^ CU ' U r 1 ^ VI i t ^ malarial problems and the prevailing 
S a^l SP e m“ °i Cuhcmcs Pa “ U. ^ Professor Jannone! 
aehSfbr^^ ^ 81St ’ trCatS of agricultural and pastoral 
In Part IV Pmfi2^ C p “ ‘J u ’ mmmg and the locust troubles 
Tho exnedi "i 0 tcs of nutr ‘tional problems 
Period of 30 dive* 1 t S ,eUed kilometres and extended over a 

is approximated v °S w bat is known as Entrean Dankaha 

N latimdeanH lQ^^ 0 . ^ ''‘ends from 12° 22' to 15° 30' 
bon of just Mder ">0 000° mrJi° F’ ,ongltu . dc > mid has a popula- 
the coastoj\nSae« T^' . y 'T g “» northern parts and 
Denn^c.Ti. Tbe area includes thc ‘ ' 


sound wuh 1 ; 01 me country it consists la _ 
ifcs thc hlily dSnri "u ° f bush-growth) To the east of this 
is 186 mm/at 2Sl«- Tbe average rainfall along the coastal belt 
middle™^ 27 | a ^f U A a m . the n °rth, 104 2 at Thid, about the 
lowest m Januarv m ‘he south The temperature is 

in July 35 2 “ L ^h'Tt 5 - 1 9 o ^ at Massaua, 25 1° at Assab, highest 
30 2° and 29 9“c 35 3 respectlv ely, and the mean for the year, 

thexa? no\ 2? dd .f ° n the west and, to a less extent, Saroita on 
is grown. Lart^ a ™5 15 car f le ? out> bat a certam amount of grain 
gram production W p d i S might be utilized elsewhere for increasing 
engaged in renrOJ*„ but , are aot The people m the mtenor are 
and camels 8oats an d some sheep, cattle, donkeys, mules 

rainfall is It 06151 111 more hilly distnets, where the 

necessitates . pasture Innd is poor The need for food 

From movement and a nomadic life 

an alcoholic Hnl? tbe Dum Palm ( Hyphaene dankaliensis), 
for makins w\ n 0’ duma, is made, and the leaves are used also 
dactyhf era \ mats, ropes, etc The date palm ( Phoenix 

Common in nam^r'c J here . Locusts ( Schistocerca gregaria ), 
do not abound rf Pnt , r£a > the eastern lowlands, for example, 
low rainfall Dan ^ a ^ a > the barrenness of the land and the 
in the salt-ht,. Ti,?. CCOUnt * or tins, but many dead locusts are seen 
ov er this and tVi 0 j 1 ? tbe west It is thought that swarms pass 
mineral holes ed by poisonous gases exuding from thermo- 
east of Badris if S roun d In the Zariga district to the south- 
of Badda nmfi7 PaUr wor ^ s ' a °d at Dallol a little further south 
are obtained 'ffa 111 ™ compounds known as carnallite and silnne 
uunned and used as fertilizers 


that^his chsease^i's not < a l veiy'senous*Drobtem h lhe areJ ’ shows 

Erurea and tl ^ ‘ S near ,tle ma,anous eastern IoJ5ands“ 
nrttrea, and the common vector is A gambiae At Assih ,ul 

south, near thc Arabian coast, is an endemic centre ft.™ £ e 
v^tor is A culicifacies the local variety being adenensis S?x 
other species of Anopheles exist, but only one, A funestus seer m 
to play the part of transmitter Aedes species are also ’frmnd 

among them ae s>P u and domestic breedmg-s.tS are 

castcrn sidc^ am ° nS ‘ hC Urban P°P uIa "on on the R S e d Sea or 

rfX vc /y instructive it deals with food and nutrition 
the different food customs of the coastal the plain and the 
CS i l ^ eir nutritional balance or imbalance, and mdica- 
tions of malnutrition and deficiency diseases The diet habits of 
the nomads of the hills and the plains differ from each other and 
from those of the coastal zone The two former live aS 
°n the milk of their goats Those living in the lowlands 
have in addition meat in small amount and dura (sorghum! 
f^ is as “ whole contains less fat and vitamins and is of § a little 
lower calorie value than the other which has a high vitamin 
content and biological value and a calorie value of 2 600 Those 

S t 6 fi°h St ’ I \ avmg “ 0 Pasturage exist on a diet comprising 

milk, meat, fish and cereals, together with the Dum-palm fruit 
already mentioned, and some duma ‘-the alcohblic dnnk 
made from the palm The diet as a whole, though more mixed 
s in many respects inferior to either of the others and contains 
less protein, less fat less vitamin, but more carbohydrate and 
has a calorie value of only just over 2 000 Even though the best 
of these is below the European standard for health, no signs of 
malnutrition or of any of the avitaminoses are seen in the highland 
people , those in the lowlands are living on the margin of a 
breakdown and their resistance to disease must be weak Amonc 
the coast-dwellers a few cases of avitaminosis-A and -B were 
observed, showing that the borderline of safety had in some 
already been overstepped, but even in these the symptoms were 
not very severe, hyperkeratosis of the skin (avitaminosis-A) and 
glossitis (-B) being the most marked 
The book contains several well-reproduced photographs and 
good line-maps The expedition must have had a strenuous time 
to have accomplished so much m the short period of 30 days 

H Harold Scott 
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DANISH TEXTBOOK ON VENEREAL DISEASE 

S L U 1 wi t Lond^ E: i9-M!' a 2ll praU,c ^ Copcnh.jcn 


This work is a translation, in easy idiomatic English of the 
author s Danish text-book, which reached its 3rd edition m 1945 
It is introduced to English-speaking readers m a laudatory 
foreword by Dr A. C Roxburgh In his own preface the author 
explains that he had already prepared the English version of his 
book and it had been printed when the German occupation of 
Denmark m 1940 closed all communications between that country 
and England Instead of re arranging the book to incorporate 
in it the important new matter which has accrued during the war 
years and since, the author has thought it suitable to deal with 
this m a supplement occupying 19 pages at the end English- 
speaking readers to whom this work comes for the first time may 
well think that the author would have been better advised to 
wait until the position in regard to penicillin had become a little 
more stable and his own knowledge of the newer methods had 
been tempered by longer experience of them. 

Over half the book is devoted to syphilis, which is well 
illustrated with 12 coloured plates containing 29 figures and 
with 59 figures in black-and-white Hus section is by far the 
best m the book though not every syphilologist will agree that 
haemorrhagic encephalopathy starts within a few hours of an 
injection or with the author’s rather summary dismissal of 
suJpharsphenamme , or that solusalvarsan is more reliable than 
sulpharsphenamine In the causes of non-specific Wassermann 
reaction the author has not included recent vaccination a tjpical 
pneumonia and some other conditions which recent work has 
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stigmatized as possible sources of error In treatment, the two 
schemes recommended by the League of Nations Committee are 
d escr ibed, the author preferring the “ Plan of Intermittent 
Treatment” With one similar to this he says that in 152 
previously untreated cases he has obtained freedom from relapse 
in all during a period of 2 to 5 years and complete sero-negativity 

Chancroid is dealt with in about 6 pages, illustrated with 6 
figures (3 in colour) Not everyone will agree with the author’s 
recommendation to incise a complicating bubo, and sulphonamide 
treatment should not be dismissed in 2 lines 

In 10 pages are described phagedena, lymphogranuloma 
inguinale (well illustrated with a colour plate), granuloma 
venereum, ulcus insons puellarum or ulcus vulvae acutum, 
balanoposthitis, phimosis, paraphimosis, herpes genitalis, 
condylomata acuminata, molluscum contagiosum, and crab- 
louse This section is illustrated with 7 figures in colour and 
3 in black-and-white 

Gonorrhoea is dealt with in the remaining 66 pages of the 
mam body of the book Although it contains much useful 
information, it also contains much with which British Venere- 
ologists would not agree Thus we long ago abandoned the use 
of strong silver preparations in the treatment of gonorrhoea in 
either males or females, and palpation of the prostate during 
acute stages is considered likely to favour the development of 
epididymitis It would not be agreed that irrigation is difficult 
for patients to practise on themselves The author advises that 
the urethra should not be irrigated with a disinfectant prior to 
the passage of an instrument He says that this applies particularly 
to potassium permanganate , in an old case of urethritis, in 
which there is usually an infection with mixed organisms, most 
Bnush venereologists would not use potassium permanganate in 
any case, because it is useless in such infections, but they would 
certainly use an antiseptic such as mercury oxycyamde as a 
precaution against the instrument forcmg the organisms deeper 
into the tissues 

In laboratory diagnosis of gonorrhoea, two small points seem 
to require revision Under the technique of gram-stammg, it is 
said that methyl violet deteriorates with age , this is directly 
contrary to what is said in Mackie & McCartney’s Handbook of 
practical bacteriology On the other hand nothing is said of the 
deterioration, with age, of Lugol’s lodme solution, which is 
certainly very important In the account of the gonococcal 
complement-fixation reaction, it is stated that m the haemolytic 
system the amboceptor “ is mactivated serum of rabbits treated 
with injections of an extract of gumea-pig kidney ” The reason 
for using this instead of the usual suspension of blood cells is 
not stated 
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MEDICAL MYCOLOGY 

J E. M«Vlnnon Zimologia medica Impronta El Slglo lluitrado,” Montevideo, 

Thi3 work on medical mycology is the result of studies earned 
out by the author at the Montevideo Institute of Experimental 
Hygiene His interest m the subject was first aroused by his 
having studied with Professor Tahce and afterwards with 
Professor Langeron, and work on the Momhas formed the basis 
for his doctorate thesis Reading this present work impresses 
upon one how erroneous has been the incrimination of many 
species as pathogenic, mere fortuitous association having been 
declared, after inadequate investigation, to be aetiologically 
connected with disease The author considers the following 
Genera Candida, Trichosporon , Torulopsis, Pityrosporon, 
Rhodotorula, Endomvces, Saccharotnyces , Endomycopsis and a 
few others briefly He describes their morphology, macroscopic 
and microscopic, the question of three phases of their growth, 
the smooth, m>celial , the rough, bacterial or spore phase , and 
the mucoid, ond their tnmsmissibihty of one to another Also 
their biology, adding a few words on their reputed or possible 
pathogenicity and the results of experimental tests on rabbits, 
rats and mice 

kfitr a few introductory remarks on classification and technique 
of growth and culture, each of the above Genera is considered 
m turn Sixteen species of Candida are thus described, but the 


majority are not pathogenic C albicans is found m the alimen- 
tary canal in the debilitated, as m thrush Experimentally 
intravenous injection of blastospores gives rise to small abscesses 
in all organs in 5-7 days , these he calls “ seeding abscesses ” 
(lesions de siembra) , later there may be infarct lesions or “ lesions 
of elimination ” and “ lesions of secondary infection ”, in which 
the C albicans secondarily invades, e g a liver abscess or some 
pulmonary condition It may form small nodules and undergo 
calcification or caseation Another species, A trapicahs, is 
found in cases of so-called broncho-moniliasis and paronychia 
in the tropics, but its pathogenicity is doubtful 
Four species of Trichosporon are described, one of which 
T beigelu, is pathogenic, causing White Piedra , it is found also 
in nodosities of Black Piedra, but probably in this case as a 
parasite of the Piedraia hortae, the actual cause of the black 
variety Nine species of Torulopsis follow , T neoformans is 
probably the only one pathogenic, causing Torulosis, or European 
blastomycosis Pityrosporon is thought by some authors to be 
the cause of pityriasis , others, however, regard it merely as a 
secondary invader Of Rhodotorula, 9 species are described, but 
those as yet studied have not been proved to be pathogenic 
Much of the work described seems to have been confirmatory 
of that already published and the references to the literature are 
numerous No details of any cases are presented There are 
good illustrations of the naked-eye and the microscopical 
appearances of the cultivated fungi From the morphological 
and biological aspects the book should prove very useful as a 
work of reference 

H Harold Scott 
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THE GENUS MYCOBACTERIUM 

P Hauduroy Inrentair a et description des bacllles paraluberculcux Muion P»rl», 
19-16 200frana 

Professor Hauduroy has catalogued 160 members of the genus 
Mycobacterium, giving the authors’ descriptions of the bacteria. 
These descriptions vary from a mere statement that acid-fast 
bacilli were observed m certain material to long and detailed 
accounts of the morphological, cultural, biochemical and sero- 
logical characters of the bacilli desenbed, together with an account 
of the pathogenicity of these to various laboratory animals 
This catalogue collects, for the first time, a mass of published 
material, much of which is not easily available It is, therefore, 
not only of historical interest, but also of importance to anyone 
interested in the genus 

It is not clear, however, that Professor Hauduroy does any 
service to determinative bacteriology by grouping together so 
heterodox a collection of bacteria under the designation “ para- 
tuberculous ” It is true that all the bacteria desenbed are 
members of the genus Mycobacterium but, except for that, the 
relationship of many of them to Mycobacterium tuberculosis 
seems very remote There seems little justification for calling 
MM smegmatis, phlei, stercusts, butyricum and many others 
“ paratuberculous ” He excludes from the paratubercle bacilli 
only the classical tubercle bacilli, the leprosy bacillus and Johne s 
bacillus If the word “ paratuberculous ” is to be used at au, 
and there seems little justification for it, it should surely be 
confined to those strains of acid-fast bacilli which have been 
isolated from tuberculous lesions, but which do not conform to 
the accepted characteristics of the classical tubercle bacilli The 
saprophytic acid-fast bacilli, so many of which are described 
here, have no connexion with tuberculosis It would have been 
less controversial and nearer to reality if the monograph had 
been somewhat expanded and entitled " A Catalogue and 
Description of the Genus Mycobacterium ” 

The chapters on pathogenicity and tuberculin production are 
of great interest They raise matters of fundamental importance 
rn the understanding of the genus What factor determines the 
pathogenicity of any member of the genus ? The answer is not 
here, but it may be that the stimulus will be provided to find an 
answer 

The description of the vole bacillus on pp 111 and 112 is 
misleading The pathogenicity for laboratory a n i m als given 
here is not that described by Griffith 
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RADIOLOGY 

E A. Zlmmir 0,« DurcJi.tuc.VuniiucJui k dit Tharanrt.nt S<h«ib», Bntl 
I Hi. II So Iranu. 

Thu »mtll volume 11 printed in German on good quality paper 
ind illustrated with first class diagrammatic reproduction* which 
the essential features seen on tho screen and in the 
radiographic appearances of the more common lesions within 
the thorax. 

Tho text is concise > et no essentials are missed, and it is arranged 
with great care to exclude tho rare, but to include all the lesions 
usually met with at a chest-clinic Tho instructions and 
explanations of technique are sound and complete 

Tho rouune conduct of the examinations necessary to examine 
the upper abdomen diaphragm, lower luag fields, middle fields 
and hilus, upper fields and apices, tho heart and main vessels, 
oesophagus and mediastinum, and to demonstrate the lesions 
and their characteristic appearances, are clearly defined Few 
tmill books so well achieve what the author set out to do He 
is to be congratulated on producing such an excellent and 
instructive account of the uses of fluoroscopy All who wish to 
know how to conduct screen examinations of the chest cannot 
do better than learn the contents of this book 

James F Bratlsford 

« » « 
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PERIPHERAL NERVES 

E Ylllljtr Dit ptnphzrt tnnerrauon 10 Aufl Schwab* Baitl 19-46 16 Sw fnncj 

The popularity of Emil Villiger's book Die penphere InnenaUon, 
edited and revised by Eugen Ludwig, is sufficiently indicated by 
the fact that it has now reached its tenth edition 

The text deals with the peripheral nervous system mainly 
from the point of view of its gross anatomy, but there is also a 
short section on the functional aspects of peripheral nervous 
lesions, illustrated by photographs of clinical cases The topo- 
graplucal anatomy is well presented, and there are some excellent 
iliustrauons which help to explain the text, while in the brief 
clinical secuon the subject matter is presented m an appealing 
manner 

For the British reader ho wev er, the book tends to be somewhat 
unbalanced The preclmical student will find the descriptive 
anatomy unnecessarily detailed, and there is no description of 
the microscopic anatomy of the peripheral nervous system— a 
subject in which many recent advances have been made On the 
other hand, while the topographical descriptions are adequate 
for the advanced student, the functional and clinical aspects of 
the subject are insufficiently emphasized Further, the absence 
of any references to the literature renders the book of limited 

The author has not set out to produce a work of reference and 
bearing this in mind, it may be said that, though the book 
covers a restricted field, systematists will find it of definite value. 

G Weddell 


f via Pi*, hie. I dt Kiuon. Peril. 1 700 Inna. 1 

This is a very sound pricis of diagnosuc radiology which any 
student who wishes to acquire the rudiments of the art and has 
a knowledge of the French language would do well to assimilate 
The volume explains the physics of x radiation concisely but 
distinctly It then sets out the technique for tho examination of 
each system, the skeletal including neurological, gastro-intestinal, 
gall bladder, cardio- vascular, respiratory and gemto-unnary In 
each of theie the radiographic features of tho moro common 
lesions are described and illustrated with the assistance of good 
radiographs or outline drawings. 

The author is to be congratulated in the selection of material 
he his used and the way he has put it together Tho volume is 
printed on excellent paper with clear type which, in these days, 
are all too scarce with English volumes 

James F Brallsford 
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THE KIDNEY IN PREGNANCY 

^ A H Dumont La niphrepathiu iraridiqua Muion, Pifii I94S 

ISO Inna. 

This book is another addition to the already extensive literature 
dealing with the group of diseases now known in Britain as 
toxaemias of late pregnancy ” or ‘ albuminuria of pregnancy ' 
The authors recognize in their first chapter the difficulties of 
terminology and observe that, although albuminuria is a cardinal 
symptom, the renal lesion is a secondary one They deal with the 
chief symptoms and signs — albuminuria, oedema, and hyper- 
tension — and discuss in detail the theories of the etiology of the 
nse in blood pressure They believe that metabolites play some 
put in the causauon of this, without placing the blame on any 
cue substance Discussing possible endocrine factors, they 
oelieve that a general endocrine imbalance may play an important 
Put. They conclude that renal ischaemia due to vascular spasm 
a _T s P on sibIe for the mam symptoms and signs of hypertension, 
tv, 1 v t * us 15 caused indirectly by endocrine imbalance 
J ~ book is a comprehensive treatise on a difficult subject 
men, although it brings one little nearer an explanation of the 
origin of a mysterious disease brings many fresh ideas and 
wtes the problem with admirable clarity 
i authors have obviously not had access to the most recent 
It P n tk® subject from Britain and the United States 

ni-u, i? . that a new edition may incorporate some of the 

TmJ tets have ansen from research into a problem which 
one the most difficult and therefore one of the most 
■aseinating m obstetrics 


"LEWIS’S” 

ia+i- 19+4 a bntf account cf a century t work. Lewli London I 9 i 5 _ 
Frta on application. 

In 1 844 Henry Kong Lewis, then a young book-trade apprentice 
T 22 purchased a small bookselling and stauonery business m 
lower Street. London From that small beginning has grown 
l _ mo dem Lewis’s familiar to thousands of medical students, 
nth^U pubUshmg! its bookselling and its circulating-library 

“rhis well produced booklet has been issued to commemorate 
he centenary of the firm, and to show its close connexion with 
medfcalDrofession When and why the founder of the firm 
ecided to specialize in medical and scientific bookselling and 
iubhshing is not clear, for the earliest works be published were 
f a ffis^efly rehgious character The close proximity of 
fmvereity 11 College and University College Hospital were 
imnortant factors in the transition Similarly, the 
U^tisfacUoS ?rmed,cal readers with library facilities gave 
Ussutisjacuon a (tng up a circulating library of medical 

dr Lew? * e »' m 1853, and to-day the catalogue 
if fore hb^mchfdes some 24,000 titles of books of importance 
its long history, the firm has maintained friendly 

relations with the medical profession The author of 
Lnd tetimateretatio the firm s archives, to give 

his ccctenary ffistory Pas Qippe nomas Barlow as a 

is unusual ghmpsesofm emeaxaurn volume bc had 

-oung student feartuuy . , unique in the history of 

5 pSips 0,= «■"' to p p"ftS: 


ANGLO-AMERICAN MEDICAL PROGRESS 

n-Utcala rictr.lt, dan, la part alhU. Coin, PcrU. ISIS 

„ „r this book is to provide, for members of the 
[e purpose of this cook ^ ^ ^ ^ lsoI , tcd dun ng 

cal profession in those co accoun t of the advances m 

tears of enemy o«upatiom an ^ USA sincc 1940 This 

£ K^rSsfSetently fulfilled by Dr Abaza, who 
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as a member of the medical staff of UNRRA, and his book will 
be found useful in countries other than those for whom it was 
especially intended The subjects reviewed include penicillin, 
.the sulphonamides, atypical pneumonia, DDT, oestrogens, new 
forms of insulin, fluorescence, microscopy, anouracil and ligation 
of the ductus arteriosus A large list of references is given in 
each case 


•990 

CLASSICS OF SCIENCE AND MEDICINE 

Under the above title, Messrs Davis & Onoli, of 56 Maddox 
Street, London, W 1, have published a remarkable catalogue 
(No 125) of early scientific and medical books The catalogue 
contains 444 items, among which are the first English edition 
(1597) of Roger Bacon’s The mirror of alchemy , the first edition 
(1600) of William Gilbert’s De magnete, William Harvey’s De 
generatione anlmallum (1651), Robert Hooke’s Micrographia 
(1667), the Fasciculus medicinae (1500) of Johannes de Ketham, 
Ambroise Park’s Dix hvres de la chirurgie (1564), and many 
other works of exceptional interest 

In his foreword, Mr J I Davis points out that many of the 
items included have not been offered for sale for many years and, 
he adds “ I fear that neither I nor any other bookseller will be 
able to get together such a collection m the future ” This 
unique catalogue is amply illustrated with facsimiles, and medical 
bibliophiles will need no encouragement to justify Mr Davis’s 
hope that it will not be thrown into the wastepaper basket 
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committee consisting of W G Barnard, R C Brock, J Gilhes, 
Clifford Hoyle, A S Johnstone, E W Wayne, and the Editor 
of the British Medical Journal Like the other new specialist 
periodicals now published by the British Medical Association, it 
will appear quarterly, and the price of the annual subscription is 
25/- Its contributions are of a high standard and it is well 
produced technically The full contents of the first two numbers 
of Thorax were hsted in the Guide to the Journals in BMB, 1946, 
961. The contents of No 3 appear in this issue 

* * * 

We have received two new periodicals from Belgium Ada 
clinica belgica, to appear six times a year, is the continuation of 
the Bulletin de la Socidtd Clinique des Hdpltaux de Bruxelles, 
wluch ceased publication in 1940 The first number is published 
under the auspices of the Soci6t6 Chnique, but with the foundation 
of the Socifcte beige de M6decine interne, it is expected that the 
new society will assume the responsibility of publication The 
Acta cllnlca belgica will publish onginal articles dealing with 
clinical medicine in all its aspects, review articles, clinical 
observations, and analytical reviews of books, monographs and 
articles both Belgian and foreign 

* * * 

The Revue mddicale de Lidge, on the other hand, is intended 
for the general practitioner It is the organ of the Association 
des Anciens Elives de la Faculte de Medecine de Li£ge, and will 
appear at fortnightly intervals One of its chief objects, the 
editorial assures us, is to act as an intermediary between the 
specialist and the young general practitioner who can afford 
neither the time nor the money for post-graduate study 


JOURNALS RECEIVED 

The first three numbers (March, June, and Septemoer, 1946) 
•of the British Journal of Pharmacology and Chemotherapy , have 
now appeared This new quarterly periodical, published for the 
British Pharmacological Society by the British Medical 
Association, is designed to assemble the work in all fields 
concerned with the effects of chemical substances on animals and 
the living tissues, previously scattered throughout numerous 
periodicals It will publish onginal contnbutions on all branches 
of pharmacology and expenmental chemotherapy, including 
biochemical and pathological aspects Provision will also be 
made for short communications and for bnef notes on technique 
It is edited by a board consisting of Professor J H Gaddum 
(Chairman), Dr H R Jng (Secretary), Dr N Mutch, Dr C M 
Scott, Professor F R Wmton, Professor J H Bum, Dr F 
Hawking and the Editor of the British Medical Journal 

Sir Henry Dale explains in a foreword to the first number the 
reasons for the issue of the new penodical Pharmacology and 
its vigorous offshoot chemotherapy, he says, have risen rapidly 
to major rank among the group of scientific disciplines which 
-come within the scope of expenmental medicine, and it is 
impossible for the American penodical, the Journal of Pharma- 
cology and Expenmental Therapeutics, to cover the important 
new discovenes and developments from Great Bntain and the 
Bntisb Dominions as well as from the United States of America 
Sir Henry Dale concludes by expressing the hope that there will 
■still be abundant opportunities of co-operation and fnendly 
interchange between the new British penodical and the Journal 
of Pharmacology and Experimental Therapeutics, which has so 
long and so well served Bntish as well as Amencan achievements 
m this field The contents of Nos 1 and 2 were hsted in the 
Guide to the Journals of an earlier number (BMB 961). The 
contents of No 3 appear m this issue 


The first number of another new journal to be published by the 
British Medical Association also appeared in March 1946 
Thorax is the journal of “ Tho Association for the Study of 
Diseases of the Chest ” and, like tho British Journal of Pharma- 
cology ard Chemotherapy, is published for a pnvate society by 
the Bntish Medical Association It is pnmanly intended for 
tho publication of original work on diseases of the chest and 
relevant anatomical and physiological studies The joint editors 
are Norman Barrett and G Scaling of the Brompton 
Hospital, London, S W 3, and they are assisted by an editonal 


■k * * 

Tuberculosis Index and Abstracts of Current Literature is 
published by the National Association for the Prevention of 
Tuberculesis for the Tuberculous Educational Institute Its 
object is to provide a complete list of current articles on all 
aspects of tuberculosis as they appear in world scientific and 
medical literature The abstracts are grouped into broad subject 
headings, and are then arranged alphabetically under the author’s 
name It is regrettable that the two numbers so far published 
should bear different titles, and that no mention of volume or 
individual number appears m either of fhem 

★ * * 

Arquivos do Instituto Qulmico-Bioldgico do Estado de Minas 
Gerais The first volume of this new Brazilian penodical, which 
is to appear at irregular intervals, has been received It contains 
the scientific work of the Instituto Qufmico-Bidlogico, the work 
of which is devoted to the problems of human and animal 
pathology The 16 articles contained w this volume cover a 
wide range of subjects, from antiscorpionic serum to Chagas 
disease, and have short abstracts in English 
* * * 

farmacoterapia Actual (Madnd) The first 2 volumes and 
3 numbers of the current volume of this monthly journal, now 
m its third year of publication, have just reached us Each 
number contains at least one general review article and 3 or 4 
onginal articles, while brief sections are devoted to recent 
pharmacological developments, clinical notes, matters of histonca 
interest, ana abstracts from foreign journals 

* ★ * 

A number of the Revue de Laryngologie , Otologte, Rlunologie 
has just been received. Enclosed m one number we find 65 c 
annde, septembre J944, No 1 66* ann£e, ddeembre 1945, No 1 

67* annee, janvier 1946, No. ) , nomenclature which will 
undoubtedly make a problem piece for medical bibliographers 
Each number, fortunately, is paginated separately, but difficulties 
of precise d a firig are increased whep we read in the editorial 
preface to annde 65, No 1, septembre J9^4 “ C’est avec une 

profonde Emotion que jeprisente h nos jecteurs, en ce novembre 
1944 [our italics] le premier num£ro de ia Revue de Laryngologie 
hberte ” Each number consists of original articles followed by 
clinical observations, while an index bibhographique of the 
current literature appears in the introductory pages 
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Book Reviews 


The prices quoted ore those which obtain within 
the Untied Kingdom Publications are classified 
according to the Unltcrsal Decimal Classification 
ard the classification number of each publication 
is gnen at the right 


ANAESTHESIA 

992 616-0S9 5 

Modern Anaesthetic Practice 

EDITED by Tie L'e Sir Humphrey RillutM cr , lion Mentrufi 
SECOND EDITION LONDON BYRE SrOTTlS-OCDU LTD, 1 W* 
tu+ISOPSGES 7 ILLUSTRATIONS, 12 x 14 sa. 

Eltoul prcfice. Introduction, (i) Theoretical aipccU of liucithwia and 
* a * lfr > i (ii) ibe utc of volatile loacalhctlca (ui) tntroua oxido anaettheua in 
(iv) baial narcour (v) cruiotracbcal anacilhctia (vi) iptnaJ anact 
(ni) taatrthcaa and anafgeiia m rrudwifcr* (riil) anacrihcua and the 
(u) anaetthera in dcnuitry (a) local anaciihala and analjctia 
(*0 PO*t*cpcnuve care anaeithcu^ aipocu (aii) rulta of caploiioa in 
mabaU. Index. 


The second edition of this excellent little book bears little 
evidence of the difficulties of war time publishing except for a 
few errors of spelling. The pnnt is clear and the general literary 
standard is exceptionally high for a medical text-book Much 
of the pleasure and benefit that any anaesthetist will denve from 
it is attnbutable to the fact that it is essentially practical and is 
based, largely, on the personal experience of the individual 
contnbutors It is inevitable that they should disagree on some 
minor points, notably on the safety of ether in the presence of an 
open fire (pp 84 and 137) but these conflicts of opinion arc 
surprisingly few 

The book is introduced in a general review wntten in the 
superb English one has learned to expect from Dr Blomfield 
the chapter on theory is not of great value and the more 
important practical points are dealt with elsewhere Dr Hewer s 
wide knowledge and powers of exposition could have been better 
employed in some other section The account of nitrous oxide 
u WC£ Uent, but four pages arc occupied with a description of its 
use in major surgery that is inappropriate in a book of this kind 
me statement that respiratory complications are reduced after 
e use of basal hypnotics is debatable, as is the inclusion, among 
disadvantages, of the necessity for the anaesthetist to examine 
e patient before an administration The recommended 
maximum dose of pentothal— 3 g— is rather larger than is 
B nerally considered wise and the statement “ at the first sign 
oi undue restlessness [after pentothal] an adult patient should 
eceive an intravenous injection of omnopon, 1/3 grain does 
agree with the same contributor’s remarks on page 48 
, n ^chapter on endotracheal anaesthesia is one of the best 
b u °° k Yet one must question the advice to lighten anaes- 
cniw. j orc extubation — “ foreign material which may have 
h, l ? l be vicinity of the trachea or nasopharynx can thus 
himt»rr •• spontaneously by the unaided efforts of the patient 

b ' f , The first phase of coughing is the taking of a deep 
lunct c c , b ma y carry such foreign material down into the 
shnTun u ure , y* “ the vicinity of the trachea or nasopharynx 
donhir„i , c earet ^ by the anaesthetist before cxtubation It is 
u 00 ’ whether it is justifiable to obtain practice by 
g tubes at the end of long operations 
Rood ,^ ectlon on Anaesthesia and Analgesia in Midwifery is 
know’iii som cwhat repetitive, and shows an extensive practical 
mixti » tbe subject “ Owing to the constancy of the 
TothA ,? ln duction of analgesia is rapid” is a non sequitur 
author s call for “ some really satisfactory analgesic drug 


that will give relief at the early stage of labour " one might offer 
pethidine, which, surprisingly is nQt mentioned Caudal anaes- 
thesia is described in unnecessary detail for a technique that is 
not recommended to the readers Anaesthesia and the Child 
is excellent, but is not atropine, 1/50 1/75 grain, rather much for 
a child between two and five years of age 9 Anaesthesia in 
Dentistry reveals some confusion in the author’s mind on the 
mechanics of rebreathmg (page 101) “ The readiness with 

which these growths [carcinoma] bleed often makes the patients 
unsatisfactory subjects for nasal nitrous oxide, and evipan or 
pentothal, arc satisfactory in these cases ’’—this is 

dangerous talk Local Anaesthesia and Analgesia (why both ?) 
is the least valuable and least up to-date section of the book 
for example, “ For such major operations as lobectomy or 
thoracoplasty, a high spinal anaesthetic is far more 
suitable [than local or regional nerve block] Dr Magills 
Post Operative Care Anaesthetic Aspects is masterly and 
Dr Haslcr’s well balanced account of Risks of Explosion in 
Anaesthesia makes a worthy tailpiece The index is adequate 
Criticism of detail must not be allowed to obscure the tact 
that this is a very good book It can be recommended with 
confidence to all occasional anaesthetists and could be read with 
Drofit by any 
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'oncer of the Scrotum in Relation to Occupation 

S A Henry LONDON OXFORD UNIVERSITY PRESS 1946 tui + 
mrcc in rr r n^TRATlONS 22 X W cm. 15*. L£°7a] 



UK ccroium IUIJ w ‘“‘TV tim* necessary for the production oi uia 

n ( , V) WSSSSZZu*. Cvw) concluding 

auiks. Bibliography Index. 

Dr Henry m his preface speaks too unassumingly of tbs work 

fa°Knri^ure |venby ^ a ^ e 0 ^ h f^m m 
jrgeons in 1941 wan tn work under rev iew covers a 

:lation to occupation Bu epithehomatous 

luch wider field, as it records 3,333 casts ot ep^^ Qf ^ 

Iceration or cancer of the m foo different occupa- 

ady in which they occurred in , t ce w biist he was 

have been 

ported to him since ^ M t tf ement wTrStoe subject when 
P Dr Henry begantotakea special th 

e was appointed Secretary UKatc the cause of cancer of 

iammittee set “P \Q\Q had been found by S R, Wilson, of 
le scrotum, which in 1910 M a g- ect men working m 

ie Manchester Royal Infirmary, knQwn M a mu i e in this 
atton spinning mills ^ ® k th" labonous work of searching 

and ^hospitals, and those of 
Manchester and other cotton spinmnj; towns^ m lg87j 30 year* 
He found the first record o ma j 0 ,j f or lubrication m 

fter shale oil had been ad , ■ become the sole oil used. 

Me mills, and 12 to > 5 ^ epnhSTa of the skin of 
knowing of the , ,. C ation mineral oil by A Leitch 

iboratory mice by theppl ca mves Ugations, the 

Dr Henry ^^I^p'ccival Pott described scrotal cancer -of 
775, the year m whKih Perci of s00t> of epithe mnw 

f the disease before Percival Potts days neq^^^ Lost ’ to 

eferences in Cymbelu induces two striking illustrations from 

himney-sweepers, midrep^d cm t0 rtuous chimneys, needrng 

*™jf wL\ to chmb *wside to dea S n them, date from the great 
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fire of London, 1660 Although brushes now replace boys, 
the incidence of the disease in chimney-sweepers was 754 7 
per million in Dr Henry’s last returns 

Of the 30 illustrations, the first 12 are excellent reproductions 
of scrotal cancer in various stages of its growth and of early 
pre-cancerous or keratotic changes of the skin The others are 
of men working m occupations m which they are liable to 
contract the disease In 4 tables are given the sites of the disease 
in 3,333 cases and the relation of the site to occupation , the 
number of fatal cases in various industries and the incidence per 
million workers , and an analysis of 1,631 fatal cases in 100 
different occupations By far the most numerous were m 
occupations involving the use of tar or pitch (1,892 cases of which 
429 were sited on the scrotum) and in cotton mule-spinners 
(1,229 and 793 respectively) Three graphs show the annual 
distribution of mortality and the time required for the produc- 
tion of malignancy after exposure — a very important point in 
claims for compensation for disablement 

After the report of the Home Office Committee, the Manchester 
Cancer Committee in 1926 established a scientific research depart- 
ment at the University, under Dr C C Tsvort, to examine the 
carcinogenic nature of mineral oils according to their origin 
The Committee had the benefit of the advice of Dr Henry, who 
was one of its members, and samples of oil used m cotton mills 
were brought by him for investigation Shale oil was found to be 
so carcinogenic that its use for lubrication was entirely discon- 
tinued Other mineral oils varied in potency according to their 
origin, whilst animal and vegetable oils were harmless Sperm 
oil added to a mineral oil diminished its danger 

Dr Henry recommends early notification of the appearance 
in a spinner of any suspicious change in the skin, so that it can be 
effectively treated and cured by operation, x rays or radium 
Cotton spinners are advised by handbills to be examined every 
few months by a medical man for this purpose, as is done in 
some mills, but usually such advice is not followed 

To prevent the disease the employment of a non-carcinogemc 
mineral oil is essential, and the only likely one is a white oil 
prepared by chemical purification of the less toxic mineral oils 
One such oil was shown by Dr Twort to be harmless when it 
was painted for long periods on the skm of mice, and several 
firms now market oils of this type, although these have not been 
tested biologically 

A new appbance that can be fitted to the mules to dimmish 
contact with oil will contribute to safety, as will also an additional 
pair of short pants worn about the groins under the usual overalls, 
but spinners are seldom willing to wear such a garment 

The Manchester Committee on Cancer presented a small book 
on mulespinners’ cancer to all medical practitioners in the towns 
m which cotton is spun All null-owners and operatives’ officials 
had copies of it, while 10,000 handbills were distributed amongst 
the spinners themselves, containing advice similar to that 
advocated by Dr Henry 

As a medical referee for industrial diseases for 20 years, during 
which time I have benefited by Dr Henry’s advice, I have seen 
some 200 cases of cancer of the skin or precancerous keratotic 
changes in spinners The numbers have been decreasing since 
the safer oils have been used, but even if the non-carcinogemc 
white oils alone are handled, epithelioma of the skin will still 
occur in men who have previously been using mineral oils, for, 
is Dr Henry’s graph shows, it may take from 13 to 40 years to 
develop after original exposure to mineral oils 

There is a good list of references to authors quoted, with a full 
and detailed index It is a book that should be acquired by 
everyone interested m industrial diseases, not only those of a 
malignant character, and by every medical and scientific library 

E M Brockbank 
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The Results of Radium and X-ray Therapy in 
Malignant Disease: Being the Second Statistical 
Report from the Holt Radium Institute, Manchester 


SmnulcH Margaret Today Marion Hissed 

EDOUJUaGH E. 4, S LIVINGSTONE LTD, 19,6 147 PAGES 

ILLUSTRATED 24 X 15 cm 7s 6d. [TQ. 375 J 

IrircJ-~uca Part I (O General survey (u) malignant disease— case 
ic cr-td j~ovnn, ta-ease clmtficauoa (ui) malignant disease — all sites groopec 


together , fiv) bladder, urinary , (v) breast , (vi) maxillary antrum , (vu) moult 
and lip , (vm) pharynx and larynx , fix) rectum , (x) slun (xi) uterine body 
(xn) uterine cervix , (xni) other sites Part II f 1) Scientific report with com 
parativc analyses of the various techniques employed , (11) bladder urinary 
fm) breast , (tv) larynx , (v) lip (vi) lymph nodes cervical, secondary to mouth 
cancer , fvn) maxillary antrum , (vm) mouth , fix) parotid gland (x) penis 
(xi) pharynx (xn) reticulo endothelial disease , (xni) skin , (xiv) uterine body 
(xv) uterine cervix , (xvi) vulva (xvn) various sites anus, bone nasal cavit), 
orbit, ovary, soft parts, testis thyroid, vagina , (xvin) various sites (poor prognosis 
groups) Hodgkin’s disease, lung and mediastinum lymph nodes (supposed 
primary), oesophagus, prostate, rectum , (xix) various sites (small groups) 
brain, middle car, salivary glands scrotum, stomach Part III (1) 10-year report 
of results of treatment during years 1932 and 1933 , (11) all sites grouped together 
(111) breast (iv) mouth and lip , (v) skin , (vi) uterine cervix , (vn) conclusion, 
(vm) relevant publications by members of the sta(T 

This report is the second of its kind to be published from the 
Holt Radium Institute, Manchester The workers at this centre 
have taken full advantage of their unique opportunity of treating 
large numbers of cancer cases by radiotherapy, and their observa- 
tions and results, as embodied m the present report, are probably 
without equal as a record of positive achievement in cancer 
treatment 

The report is in three parts, each subserving a different 
purpose The first part ts a general survey of the treatment of 
malignant disease, written with a view to providing information 
for the general practitioner, the hospital administrator, and the 
intelligent layman In the second part an attempt is made to 
evaluate the different methods of radiation treatment and to 
outline the techniques used The third and shortest part refers 
to the first report and gives the 10-year results of the cases 
treated in 1932-1933 

The general survey forming Part I is admirable in every 
respect It points out the essential factors necessary if treatment 
is to be increasingly successful The first of these is the education 
of the patient and private doctor so that early signs and symptoms 
of cancer can be recognized, and cases can be sent for treatment 
while the disease is still curable That cancer is curable requires 
repeated emphasis, as it is too often still regarded as an incurable 
malady Conclusive proof of the value of treatment is furnished 
by the results obtained, since of 8,298 cases of malignant disease 
treated by radiotherapy between 1932-1938 inclusive, 86% of the 
early, and 63 % of the early ana moderately early cases survived 
5 years The fact that under half of the cases were advanced and 
gave only a 13% five-year survival-rate is a sad commentary 
both on the all-too-common failure to recognize the early case 
and the limitations of treatment 

The second essential mentioned is the need for an organization 
to make adequate treatment immediately available The Holt 
Radium Institute is an outstanding example of a radiotherapy 
centre soundly organized to deal with cases coming from a large 
area in North-west England From 1932-1943 the number of 
patients seen has risen from 1,313 to 4,530 per annum The need 
for the third essential, namely clinical and scientific research, 
requires no comment 

Part II is a detailed report intended for those engaged in the 
treatment of cancer and is an attempt to relate radiotherapeutic 
methods with results and to assess the value of the different 
methods used Surgical treatment is considered only where it is 
combined with radiotherapy 

The authors have set themselves a task which is admittedly 
difficult but clearly necessary if radiotherapeutic progress is to 
be maintained Although they have succeeded up to a point, 
it is too much to expect that all their statements and conclusions 
will find general acceptance among radiotherapists In reading 
this section of the report one cannot help gaming the impression 
that a high degree of standardization of technique has been 
attained at the Holt Radium Institute Whilst this obviously 
facilitates treatment where large numbers of patients are con- 
cerned, it also means that the need for individualization ot 
treatment may readily be overlooked, and the clinical aspects oj 
radiotherapy may be sacrificed at the altar of organizational 
efficiency . 

Part III gives the 10-year results in tabular form, and it is ot 
interest to note that, m the majority of cases, the patient who 
survives 5 years eventually dies from some cause other than 
cancer, the 5-year-survival figure thus providing a satisfactory 
index of the value of treatment , , 

It would be difficult to praise this report too highly It s “ ou * a 
be read and studied by all interested in, or concerned with me 
treatment of cancer, and, if possible, imitated by other raOio- 
therapy centres 

M Lederman 
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A Charter for Health 

Bj a Comr-tUtt of the British Mu' cat Alienation under the 

Churmxubip of Sir Join Boyd Orr LONDON GLORGL ALLL.N i. 

UNWIN LTD 194A. 95PIGCS IlLLsTRUED 19 x 13 coi. 6« 

1£<U) 

p«i c4>cntuJi of health (u) the r3U of medicine (in) preventable diicuic 
(iti the Haul? (*) the home <\i) food (til) occupiuon (viiil r&acxuon 
(u) mtr.ul hexlth (x) beilth education (xjJ aorne sutnucx , ( id) the birth 
rate (alQ the docton pmcnptlo a. Index. 

Although the contrary is often suggested, statesmen have shown 
increasingly that they recognize the prerequisites of health to be 
much more than items within even the best medical services 
Medical Officers of Health have for long recognized the physical 
environment and the right use of material resources as the back- 
ground to a healthy life and moreover, have stated explicitly the 
conditions which must be fulfilled in order to ensure health 

“ A Charter for Health ” is an authoritative, yet non-technical 
exposition of how "positive health", as it is called, is to be 
promoted and maintained for the masses It is, in other words, 
a popular guide to an aspect of social msdtcme , comprehensive, 
as far as it goes, well illustrated self-explanatory, easy to read 
and balanced, as might be expected from the galaxy of medical 
stars who havo collaborated to produce iL 

Diet, housing, family life , work and leisure , childhood and 
adulthood, mental health and bodily health are each com- 
petently reviewed The chapters dealing with the house as a 
home and with mental aspects of health are especially clear and 
vivid. They reveal the minds of writers who know their subjects 
well enough to make them simple without loss of accuracy 
Statistical aspects of health and disease are well presented, too 
The treatment would not always satisfy the expert, but that is 
probably a commendation 

Indeed, the only general criticism which might be advanced 
of this excellent little book is that, in one sense it ts too highly 
selective The connexion between health and the prevention 
of some diseases is made clear, but what is not made clear is 
that many diseases would be little affected by an improved 
general environment and a healthy way of living Though 
understandable, it is, perhaps, unfortunate that tho importance 
of technical medicine and medical organization is not suffi- 
ciently stressed, for to judge by their pronouncements, many 
statesmen have tended to discount their significance in disease- 
prevention TTie book had to be limited m scope, but limited 
reference to this aspect of medicine is an omission of consequence 
It is offset, however by an insistence on the role of doctors as 
health advisers to the nation — as health educationists at the 
political level. 

The book meets a need which has not been met by any other 
work of its size It should be read especially by everyone 
interested in current medical thought in England, by those 
concerned with politics who are without medical knowledge, by 
practitioners of “ Health Education ", and by teachers of 
biological subjects The ordinary man who wants to know 
about the principles of health promofion could also study it 
with profit, and many doctors would be repaid for the time 
they spent on reading the book, both because it is useful for the 
pracuuoner to know how the subject is presented to the general 
public, and also for the broad perspective of its contents 

F G 
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A'Pocket Obstetrics 


Arthur C H Bell London i a. a. churchill ltd isis 

TUI + H3 PAGES 13 ILLUSTRATIONS. 19 X 12 ca. 7u 6L [£0-3751 

(i) Anatomy Oi) normal prejnanay labour and puarpenu m (id) abnormal 
Pregnancy Ov) abnormal labour (v) abnormal puerperium (vi) obstetric 
op«tutioai , (vu) the baby 

As this Is a synopsis of obstetrics the style is necessarily 
staccato The author takes for granted that the reader already 


possesses some knowledge of the subject Treatment is based 
for the mam part on the practice of Queen Charlotte s Maternity 
Hospital The mam value of the book 13 for students who wish 
!o revise rapidly for obstetric examinations 
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Gynaecological Endocrinology for the Practitioner 

P M F Bltbop EDINBURGH, E. ic S LIVINGSTONE LTD.. 1S45 
nu + 124 PVGES 19 x 13 cm. 7j 6A [£0.375] 

Preface (D Tho endocrine control *, hormones 

and their modes of administration *- n bleeding 

(v) dysmeaorrhoca (vi) the msnop — pregnancy 

(u) pregnancy tesu (x) hormone essays Appendix commercial preparations 
of sex hormoaeu Index. 

This small book is addressed to the general practitioner and 
contains the conclusions reached by one who has devoted many 
years to the study and practice of clinical endocrinology There 
is probably no clinical subject in which there is a greater need 
for a balanced outlook and sober judgment. The author has 
succeeded in presenting to the practitioner a reliable guide to 
hormone therapy in the female There is a useful Appendix 
containing a list of commercial products, with the names of 
manufacturers and prices 

Any practitioner who treats gynaecological cases should 
possess this book The author is to be congratulated on 
presenting so disordered a subject in such simple, lucid and 
balanced language 
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A Practical Handbook of Midwifery and Gynae- 
cology 

F T Hau!tain&C Kennedy THIRD EDITION EDIN 
BURGRE- AS LIVINGSTONE LTD, 19rS X+S33PVGES 3 PLATES 
47 FIGS 23 X 14 cm- £1 

Cl) Anatomy, development and physiology (li) diagnosis of pregnancy 
fill) antenatal cam and calculation of date of confinement (iv) normal labour 
(v) puerpenum (vi) pathology of pregnancy (vii\ haemorrhages during 
pregnancy (vni) abnormal presentations m labour (ix) delayed labour 
(x) contracted peJvu (xj) otha r major complications of labour (xii) obstetncaJ 
manipulations and operations (xni) complications of puerpenum (xiv) puerperal 
sepsis (xv) infections of genital tract (xvi) displacements of the uterus 
(xvii) disorders of menstruation and sexual abnormalities (xvui) diseases qf the 
uterus (xix) diseases of ovary and Fallopian tubes (xx) diseases of the vagina, 
vulva and urethra (xxD venereal diseases affecting the generative organs 
(xxu) sexual disorders (xxm) therapeutic use of hormones in obstetrics and 
gynaecology (xxiv) some gy n ae c ological operations (xxv) the infant- Appendix 
the uses ofX ray m obstetrics and gynaecology Index- 

The present edition of this book is published after an interval 
of 10 years Much new matter has been included, such as- 
sections on the use of x rays in obstetrics and gynaecology the 
use of drugs in labour, the therapeutic use of hormones There 
is now a chapter on the infant, written by a paediatrician 
The authors are teachers in Edinburgh University and have 
presented their subject in a way that makes it easy for a student 
to grasp and assimilate The classification is lucid and the 
sub-sections are enumerated in such a manner that all the 
salient features catch the eye without the fatigue of having to 
filter one’s way through verbiage The book is essentially 
practical and the authors take pains to indicate the reasons for 
their preference for a particular procedure It is full of practical 
hints — for example, the clamping of the umbilical cord at the 
level of the vulva will show by the position of the forceps 
whether the exposed portion of the cord has lengthened with 
the separation of the placenta The greater part of the book 
deals with obstetrics, and rightly so, since so much gynaecological 
illness is a sequel to faulty judgment and technique 
It is a pity that a handbook of this kind still perjietuates 
descriptions of gynaecological operations The majority of 
readers will probably never perform any of these operations, and 
those who intend to operate will require much more ample 
instructions in surgical technique 
This book can be strongly recommended to students and those 
practitioners who wish to revise their obstetric knowledge The 
authors have succeeded admirably m f ulfillin g the task tney set 
themselves. 
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The Hunterian Museum ; Yesterday and To-morrow 

G Grey Tun tr lONOON CASSriL a. CO LTD, 1946 vitl + 87 
PAGES, 43 ILLUSTRATION'' 22 x14 cm 15« (£075] 

Introduction (i) Choice of subject , (u) museums before Hunter , (in) how 
Hunter was inspired , (iv) inception and growth of the collection , (v) Hunter's 
method of work , (vi) the workroom , (vii) the collection after Hunter’s death , 
<vill) the museum in its hey day , (is) tho disaster and after , (a) the future , 
<xi) museum technique Conclusion Index 

This small volume passes on to a larger audience the Hunterian 
Oration for 1945 It might well be called, “ Yesterday, to-day 
and to-morrow ", for, as one reads Professor Grey Turner’s 
absorbing story, it is evident that the dire misfortune of the 
Huntenan Museum provides the stimulus and opportunity for 
a yet more glorious to-morrow — a future in which all the younger 
members of the profession may, and indeed must, play an 
active part 

The author begins with a general review of early medical 
museums, passes on to a sketch of the life of John Hunter and 
examines the vanous factors which may have inspired his work 
He pays tribute to the many loyal workers who have cared for 
the collection, interpreted its message, and maintained the 
Hunter tradition through the long years of development — 
William Cl lit, Richard Owen, James Paget, William Pearson, 
Samuel George Shattock, Arthur Keith, and many others 
In the devoted work of such men is to be found the secret of its 
past success, for no collection in the world could rival it 

But the clouds are gathering and total warfare has no con- 
sideration for the treasures man has accumulated , m a day it 
may end the work of centuries And so it was, on the night of 
10 May 1941, when nearly two-thirds of the contents of the 
Hunterian Museum were destroyed by blast and fire Professor 
Grey Turner tells a moving story of this disaster Elaborate 
precautions had been taken to safeguard the collection, but they 
had failed The surviving exhibits were removed to dispersal 
centres out of the danger area and the Museum Committee 
proceeded to plan for the future 

It was decided that the new museum should be built up round 
the surviving specimens to illustrate the development, the 
structure and the functions of man, together with the accidents 
and diseases to which he may be a victim, with such references 
to the animal kingdom as may help to elucidate the problems 
involved The museum would be less diffuse and its object more 
clearly defined. The lessons of the past had been learnt , every- 
thing must contribute to the two mam functions of such a 
museum-mjducation and research The last two chapters are 
rich with valuable suggestions for the organization and adminis- 
tration of the museum , they deal with the vexed question of 
private collections, with special exhibits and fresh developments, 
more especially in the anatomical field There is also a plea for 
closer co-operation between the medical museums at home 
and abroad 

Throughout the book the author speaks with the sympathy 
and authority of one who loves his subject and appreciates the 
part which such a national museum may play m the future history 
of medical progress It is a monograph which all may read with 
profit for, in the past, few have realized the important part the 
medical museum has to play in education and research 

S H D 
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Sir Leonard Rog-rs & Ernst Muir BRISTOL JOHN WRIGHT 
iStLCiaS) 1946 111 + 2S0 RAGES 83 ILLUSTRATIONS 22 x 14 c 

(0 History of leprosy , «i) the distribution of leprosy , ( u n condmoi 

influencing the presence ofleproiy , (iv) thrones of the catintloa of ?eoroi 
(y) the communicability of leprosy , (vi) conditions influencing the conSiou 
acxi of leoroiv . fvin h mnrv rv “ _ “uicgtau 



SB) dlmcnJH^Tndor^ of£ .es^^ffius 0 eS^ "J3S 

regionally . (Uvl incidence , (xv) diagnosis (xvi) prognosis fcrfrttEtaS 
reiic*. (xviii) tines of treatment recommended. Appendices AdS. 


The first edition of this book appeared as long ago as 1925, 
the second in 1940 The early appearance of this third edition 
ts due to the destruction by bombing of a large part of the 
publisher’s remaining stock during the air-attack on Bristol 
Many of the blocks of illustrations were also destroyed 

It is indeed fortunate that the authors and publisher have 
had the enterprise, not only to make good the loss, but also to 
produce an improved edition with more and better illustrations 
Additions have been made to the sections dealing with prophy- 
laxis, etiology, diagnosis, and the clinical aspects of the disease 

Although research work on leprosy has naturally been less 
during the war, it is interesting to find that some new drugs, such 
as “ diasone " and “ promin ", are regarded by Dr Muir as 
being of distinct value in certain forms of the disease A book 
on leprosy cannot be expected to be a best-seller, but the earlier 
chapters of this volume, by Sir Leonard Rogers, will be found 
mtensely interesting, not only by medical men, but also by many 
laymen whose work lies in countries where leprosy is a problem 

The section dealing with the development of modem methods 
of control is of exceptional interest because the author was 
himself the originator and persistent advocate of these methods 
It is not too much to say that Sir Leonard has initiated a new 
epoch in the history of leprosy , he has not only worked out 
better methods of treatment and prevention, but, thanks to his 
energy and vision, he has changed the whole outlook on the 
disease Hope has been brought to the leper and the way has 
been shown to the establishment of an organization for the 
systematic control of the disease Dr Muir has for many years 
collaborated with Sir Leonard and has unrivalled knowledge of 
the clinical aspects of the disease in India and many other parts 
of the world 

Few medical subjects can have had a stronger combination of 
expositors, and medical men in tropical countries will long owe 
a debt of gratitude to the authors for their authontative guidance 
m a difficult subject Even the beginner will find the book easy 
reading, and the excellent illustrations will be of the greatest 
help to him The lines of treatment recommended are stated 
clearly but without undue dogmatism Special emphasis is laid 
on the importance of general treatment as an adjunct to the 
special methods with which the authors’ names are closely 
associated No worker, medical or lay, in the field of leprosy 
can afford to dispense with a careful study of this book 
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Food and Nutrition; The Physiological Bases of Human 
Nutrition 


E W H Crtackshank Edinburgh e. a s Livingstone ltd 

S946 vil + 326 PAGES , 41 ILLUSTRATIONS. 22 X 14 cm 16x 80 ] 


(0 Introductory the evolution of human dietaries (n) the problem of 
malnutrition , (lb) the problem of nutrition in Great Britain (iv) the prooiem 
of nutnUon in Great Britain 1939-45 , (v) the energy requirements or the Dooy 
(vi) protein requirements of the body , (vn) foodstuffs and their fuel values , 
(van) mineral salts in nutrition , (ix) vitamins and dietary deficiency ^diseases 
Vi tami n A and the vitamin B complex , (x) vitamins and dietary deficiency 
diseases (cont ) , vitamins C, D, E and K , (xi) bread (xu)milk, (juu) 1 PJJJ 
rich foods , (xsv) vegetarianism , (xv) dietary standards and dietary planning , 
(xvi) dehydration and preservation of foods , (xvii) diet and dental carj» , 
(xvui) the appraisal of the nutritional state in individuals and commumue , 
(nx) the Food and Agriculture World Organization Index 


The reader purchases a book such as this for one of three 
reasons A personal knowledge of the author and his worx 
suggests a presentation of the object matter which it would oe 
profitable to possess The book may form an integral part oi 
the bibliography of this subject Or, finally, it might be the book 
which could be handed to a beginner or one moderately 
acquainted with the subject matter or to an advanced worxe 
in the field to be read with profit - 

On receipt of this book, it must be confessed that it was 
welcomed for the first of the reasons stated, but a careful reading 
of the text leaves the reviewer in doubt as to the purpose an 
public the author desired Whilst the text contains muen 
interesting material, it fails too frequently m clarity and accuracy 
Human nutrition is by no means an exact science, but in a text 
of this kind surely a greater simplification is permissible rnregai 
to the human requirement for protein than is given in Table jx-, 
p 44, and pp 70 and 71 , and for Vitamin C, Table 3C and 
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Penicillin and the general practitioner * P d 
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H L 1^ atc 

* lS . to ^ rcgrc»cd (hat some reference at least has not been 

nrmri f 1C proW f m f the therapeutic etBcacy of the different 
penicillins particularly in the treatment of syphilis Two more 

to the Han^ C1Sr r S ar< f thlt Sl ?® c,ent emphasis is not laid upon 
;',/ K hc da " 8 f, r °f masking syphilis in the treatment of gonorrhoea 
,n H i P t T ‘ n ; Md (u) , thc dan 2 er of mastoiditis developing 
insidiously and unnoticed in a certain number of cases of otitis 
media treated with this antibiotic The standard of the biblio- 
graphies provided by different contributors is curiously variable 
some chapters having no references at all A protest must be 
made against the use of ‘ neonates ’ in referring to young 
mlants More than one distinguished paediatrician would turn 
in his grave were he to learn that ‘ sixty-nine neonates were 
admitted to the Hospital for Sick Children, Great Ormond 
tofeet But taken all in all, this can safely be described as the 
most reliable book on the subject that has yet appeared, and it u 
no exaggeration to add that it is a book that must be read and 
studied by every practising doctor, whether general practitioner 
or consultant, physician or surgeon 
Dr Hamilton Paterson’s booklet contains an amazing amount 
of information and can be safely recommended for the general 
practitioner who wants to have a book on the subject which he 
can slip into his pocket and therefore always have by him to 
consult in the course of his rounds Much of the information is 
given m a tentative manner as the opinions of different writers 
on the subject A certain amount of dogmatism, combined with 
more concentration on the commoner conditions encountered 
in general practice, would have enhanced the value of the book 
for the general practitioner 

To attempt to epitomize in 16 pages the use of penicillin, as 
Dr Beaumont and Dr Palmer do, is not without its dangers 
A little knowledge can be a dangerous thing, and this leaflet 
could be recommended only for use m conjunction with a senes 
of lectures dealing m more detail with the subject To say, for 
instance, without qualification that penicillin * is not of use ’ 
in colds, influenza and smallpox is to state a half-truth that can 
do more harm than good 
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Analecta Psychiatnca 

J R Wbltaell LONDON H. K. LEWIS U CO LTD, 1J-4. rri-r U0 

PACES 22 X 14 era. 1«J.££0S] 

(a) The psjchologicai physician etc. (b) Tom o BcCta c i (c) forms of 
men Lai disorder etc. (d) suicide (e) causes, etc. of mental auorcer 
(O treatment (g) pathology etc. (eighteenth century) (h) some interesting 
cases etc ft) tabular retrospect of psychiatry 
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The late Dr J R Whitweli was known to members of the 
Royal Medico-Psychological Association for many years He 
was their Honorary Librarian and had spent years browsing 
quietly in the Library in Chandos Street where most of their 
treasures lay 

This small book is the result of years of reading, not amongst 
the ostentatious and distinguished looking modem books, but 
amongst the old books written by humble men who knew 
nothing of insulin, electric-shock or leucotomy (some of their 
treatments were much more drastic) 

It consists of excerpts from most of the old writers from 
Hippocrates, Avicenna, Galen, Aristotle, through Shakespeare, 
Pope, Dryden, Burton to the reformers and kind-hearted men of 
the nineteenth century 

He quotes Andrew Boorde's (1490-1549 7) Breviary of Healthe 
“ Masters of the eximious and arcane science of physick, of your 
urbanity, exasperate not yourselves against me for making this 
little booke ” 

Those of us who are not yet “ masters of the eximious and 
arcane science of physick ” may nevertheless feel some 
“ exasperation " that Dr Whitweli has rather ignored Andrew 
Boorde’s contemporaries, the 15th-16th century herbalists 
Dodoens, as we read m Lyte’s translation, provides us with a 
feast of prescriptions which are of the greatest interest to the 
reader in psychiatry “ if the leaves or floures of Borage 
be put in wine, and that wine dronken, it wil cause men to be 
gladde and mery, and dnveth away all heavy sadness and dull 
melanchohe ” “ Thyme is profitable for those that are 
fearefull, melancholique, and troubled in sprite or minde ”, and 
again of the peony Dodoens says “ Fiftene or sixtene of the 
black seedes dronke in wine or meade is a speciall good 
rcmedie for them that are troubled with the night Mare (which is 
a disease wherein men seeme to be oppressed in the night as with 
some great burthe and sometimes to be overcome with their 
emmies) and it is good against melancholique dreames ” 
Aemelius Macer’s De vertutibus herbarum tells us in verse the 
same quaint old remedies for “ sicknesse of the minde " 

This small omission apart. Dr Whitweli has given us a most 
interesting collection of writings from the old masters which 
are a sheer joy to read and re-read, and it is a pity he did not 
live to see its welcome 

G W T H Fleming 
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Operative Surgery 

G Balikoff LONDON MEDICAL PUBLICATIONS LTD, 10+6 

•lid PAGES -179 ILLUSTRATIONS 22 X 14 an. £3 3s. (£3 15] 

(0 General operatise tcchmquo , (u) operations on blood vessels (in) opera- 
tions on bones , (iv) orthopaedic operations on the extremities , (v) amputations , 
(vi) operations on lymph glands , (vn) operations on joints , (vui) operations on 
muscles and tendons , (ix) operations on peripheral nenes , (x) operations for 
infections of the hand , (xi) operations on the scalp, brain and skull , (xn) opera- 
Uons on the cranial air sinuses , (xiu) operations on the spinal cord , (xtv) 
operations on the face , (xv) operations on the jaws , (xvi) operations on the 
tongue and floor of the mouth , (xvu) operations on the neck , (xvm) operations 
on tho thyroid gland , (xix) operations on the pharynx and oesophagus frt) 
operations on the air passages (xxi) operations on the breast , (xxii) operations 
on tho chest , (xxm) the general principles of abdominal surgery , (xxrv) opera- 
tions on the stomach and duodenum , {xxv) operations on the liver, gall bladder 
and bile duct . (xxvi) operations on the pancreas , (xxvu) operations on the 
intesur.es (xxvui) appendicectomy (xxix) operations on the rectum (xxx) 
operations for herrua , (xxxi) operations on the spleen (xxxii) operations on 
tbo kidney and ureter (xxxm) operations on the bladder, fxxxiv) operations 
on the urethra (xxxv) operations on the male genitals , (xkxyi) plastic: repair 
wa.su) repair of war injuries (xxxvui) repair of injuries of the body fxxxixl 
treatment of uar fractures Index. * ’ v ' 

The author of this book states that his pnme object is to 
provide a concise treatise not for the specialist but for the student 
and general practitioner This raises the question as to what 
should be provided for such a public Since they do not 
specialize in surgery they would need only brief descriptions 
ot major operations, but they would certainly require a full 
account of all those minor operations which they might be called 
upon to perform , only standardized and up-to-date techniques 
should be chosen, and brief notes might be inserted as to nre- 
opcrativc and post-operative treatment Judged by this standard 
this book is inadequate 1 


The section on ligature of the blood- vessels is written on 
conventional lines and the chapter on amputations is com- 
mendably short, though several uncommon types of osteoplastic 
amputation of the lower limb are illustrated For the most 
part, however, there is a lack of judgment in the choice of 
operations to be described There is a very fully illustrated 
account of an operation for cleft-palate, but a much too brief 
description of the procedures which may be required m dealing 
with septic hand The common operations for hallux valgus are 
sought in vam , instead we find described a complicated 
procedure which would need to be seen performed before it 
could be attempted The technical descriptions of cholecystec- 
tomy, gastro-enterostomy, and excision of the rectum are too 
full of detail and rather difficult to follow In the 14-line account 
of intestinal obstruction we are told that “ immediate operation 
is imperative ”, without one word as to Wangensteen’s method 
of intestinal decompression , simdarly, in the section on acute 
osteomyelitis the advice is given that “ as early an operation as 
possible is desirable ” without mention of the value of penicillin 
in deferring the need for such operation It is indeed startling 
to find m a. book printed in 1946 that penicillin is not mentioned 
in the index, nor referred to even in the section on war injuries 
In passing, we note that the author confuses laryngotomy with 
tracheotomy 

The book is well produced, printed on good paper and profusely 
illustrated, but one gets the impression that it is an ill-digested 
compdation rather than the outcome of extensive experience 
It is not the type of book which we can recommend either for the 
student or general practitioner 
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The Principles and Practice of War Surgery 

J Trutta THIRD EDITION LONDON HAMSH HAMILTON 
MEDICAL BOOKS 19-16 xvu + 426 PAGES 156 ILLUSTRATIONS 
24 X 16 cm £2 2s [£2 1] 

Preface to first edition , preface to third edition , Part I The pathology of 
wounds and the treatment of the wounded patient (0 The biological principles 
of treatment , (n) the development of war surgery , (in) the healing of wound s , 
(tv) infection , (v) the passage of bacteria and their toxins through tho body , 
(vi) pyogenic infections of war wounds , (vn) gas gangrene , (vui) tetanus , 
(ix) shock , (x) traumatic vascular spasm , (xi) blood transfusion , (xn) anaes- 
thesia in wartime , Part II The tcchmquo of wound surgery a five-point 
programme (xrn) The essentials of treatment and organization (xrv) cleansing 
of tho wound , (xv) chemotherapy , (xvi) wound excision , (xvn) drainage , 
(xvm) reduction and fixation of fractures , (xix) immobilization , (xx) plaster- 
of-Pans technique , (xxi) primary and secondary sutures (xxn) skin graft m 
war surgery (xxui) articular wounds , (xxiv) amputation , (xxv) postural 
treatment , (xxvi) regional surgery (xxvn) burns Appendix 1 Bacteriology 
and progress of sulphamlamide treated wounds Appendix II Experience since 
the invasion of Europe Bibliography Index 

The appearance of the third edition of this book on traumatic 
surgery proves that it has been both popular and useful to those 
members of the medical profession who have to deal with 
traumatic surgery, and it is indeed welcome to find such a 
practical volume on this subject written by a surgeon of con- 
siderable practical experience 

It is true that the publishers regret the end of the war occurring 
before this edition could be published At least they spare us 
the recommendation that a new war should justify its appearance, 
and assuredly the increasing number of road accidents will make 
the volume welcome to the many surgeons who have to deal with 
these injuries . 

The volume presents a well-arranged approach to the whole 
subject of traumatic surgery, and gives a clear disposition ot its 
principles with which all surgeons of experience must agree 

In the preface Dr Trueta states that “perhaps the most 
important lesson of all is that there has been no effective 
substitute for correct surgery Chemotherapy is an invaluable 
complement to timely cleansing, excision, drainage and immo- 
bilization , but when admitted as an alternative to these it can 
be a positive menace " The truth of this statement is a U too 
obviously evident at the present time, and it is one that suouia 
be taken to heart by the whole medical profession , icaeea, 
experience leads one to suggest that the early and adequate 
performance of correct surgical procedures requires emphasis 

Perhaps not sufficient credit is given to the work of the surgeo 
m the war of 1914/1918, for they, by painful experience, arnve 
at basic principles which were largely forgotten w the > zv yea 
between the wars Logie, for example, writing in 19*-? “ 

Tobruk campaign, stresses that “ The basic principles ot surge y 
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ire the ume the whole world ov« ", u though he had ducov cred 
we new fact , doubtless these principles arc in danger of being 
for*ostca m the future u they hate been m the past, union ionic 
pie suiJance, lueh u arrogance bred in ignorance and fear 
f.'ces t air oa u in the near future 
If we nay be permitted (o offer a few detailed comments 
ihJe^ the pufchihen claim that a section on the transport of 
etsultie* is idded, thn is on such general linca and at such a 
hjh level Out it is unlikely to be of much benefit to most 
rajeoM, who are more concerned with the immediate problem 
of cfeinng enmities and judging whah arc in most urgent need 
cl surgical intervention 

on shock ard gai gangrene arc a valuable) contn- 

trumr<5t ^oush the indication! for prophylactic 

tnatmest are perhapt not clearly icl out 

f n /^ 1 ?f‘T‘ r ^ cn , d .' ,Uon of pressure-plaster treatment as a routine 
JtiH 1,6 opcn ,0 S™ 6 aitiasm by many British 
tW«v^ff^ r ej ‘ t ? n . cace has led them to doubt both 
lh ‘ l mclhod c{ treatment, but as a 
ilo^ 00 °,C P ! «t=f treatment initiated by Croft and 
S Wallace and Max Page, the reviewer has 

the do * d fliiicr trcaimcnt of wounds 

fftiS m tfUr<Are of thMC and oiher cases 
otfcai lad Di^ y “ J ;U Y m ,? <3ft ' uu fc3<urc > n preventing 
t^yiursMus^' d oae V ' hlCh U so ofua overlooked by 

PiSitoccr crinnrro? 4 me J ^‘u 0a 10 lhc library of any medical 
Ptthapj inclined flf 1 tfce lrwtmcnt of injuries, but is 
ntatmeat af acams^'^.^H Md trafl,c accitj ent type of 

ooramng in moCnj' difficulties rrct with in those cases 
ucofta, from^ou? “ d mechanical warfare These difficulues 
11 sufiorat credit not sul ^eienily emphasized, nor 

service* for the nSiW 10 tie sur 5 eotlJ of ffic combatant medical 
nunnerln which they were overcome, 
wthin that penod tbc frontline casualty 
Dr Trueta. 1 ^ °‘ 6 hours which is so correctly advocated by 
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Antenatal and Postnatal Core 

iiCxir” .d issstt* STtrs- 

lilr °™}° «no[ioaj upon prc^runcy aad parturition (vj) construe- 

‘teSS &%££& fa 

J*'/ (ecuukuej) (xlv) hicmorthxge ta citly pregnancy (conilnSd) 

(t\J utujcctiiiui pregruucy (xvl) tho Rh factor and ctythroblxitoux (haemolytic 
, ,lew • <»■» hemorrhage In late pnt£j£fx£u> 

“ , t * £a , t’ rc S ntflc S (centOtutf) (ill) contraclcd pdvu and dispro- 
1 ,1 ‘•I'pticcmcnu of tho uterus in pregnancy , (xxl) vomiting in 
(«-» On iptacmlaa of late pregnancy (xxitl) disease! and disorder! 
or ej uigesavo Ditem la pregnincy (xxtv) diseases or tho circulatory tystem in 
pre.^^acy (u«) diseases of iho circulatoty system (continued) (xxvi) rt.vov, 

, “T' 0 ? 1 *»ictp in pregnancy (uvii) diacaaca of tho nervous jyiicm 

(Mliufl (mm) diacaaca of thn nervoua »nom (continued) (xxia) . 

of lha ductlcu glindi In pregnincy (txa) dlicaaoa of tho ductleai glands in 


p<re„m Imi) vxrcreal dneaaci in pregnancy (tsavi) Iho DSes and value of 
riwolcgy in obi.ctnj (uim) poatnaul care Appendix A. Antenatal 
re^erd. Appendix B. Discharge form Appendix C Postnatal record 
Appendix D Medicinal induction of labour Appendix E Rhesus factor 
iccord. Appendix 1- Food list for low sail diets Appendix G High protein 
ureL. Inocx 

Professor F J Browne’s well known textbook, which was 
first published in 1935, has reached its 6th edition, and is now 
the standard British work on the subject 
The text has been thoroughly revised throughout. Alteration 
has been found necessary chiefly in the chapters on erythro- 
blastosis and the Rh factor, on placenta praevia, on the toxaemias 
of late pregnancy, and in that on venereal disease in pregnancy, 
to bring them into bne with recent advances In knowledge 
Short sections have been added on acroparaesthesia, angular 
pregnancy and on the influence of rubella pnd other infectious 
diseases m causing congenital abnormalities The chapter on 
radiology in obstetrics has again been revised by Professor 
Chassar Moir 
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NEW X EDITIONS 

kWe Name* in Medicine and Surgery 

SECOND EDITION LONDON 
■HONS. »xuS: L r?t £ o 5 75j ,ul -r PACES 2S3 IIXUSTRA 

Sf® a w mechcine 0 ^ short biographies of familial 
““' columns (Bhfn ioii' r 5 ei 7cJ 1 £ s alrcad y been reviewed in 
^ been altered *** 2 /8*) The second edition has 

Proved and amplified* 1 ' 6 y ’ ^ ut tbe illustrations have been 
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Sternal Puncture . A Method of Cluneal and Cytological 
Investigatioa 


A Pirnd’ J L Hcnilton-Palerson THIRD EDITION LONDON 
WILLIAM HHNEMANN (MEDICAL BOOK5) LTD 1946. it + SO 
P VGES 13 ILLUSTRATIONS 22 X 15 am 15s. [£0 75J 

? ) Tfco mydogrim (ti) tho morrow m leucaemia (ui) leucacmmd reactions 
neoplastic and allied conditions of tho bone marrow (v) the anaemias, 
eryihraemia and allied stales (vii) infective diseases (vm) bypoplastaand 
aplasia of the bone marrow (a) some proloroal diseases (x) the technique of 
Hemal puncture. Index. 

The third edition of this monograph has been completely 
revised and enlarged in the light of the latest findings of bone 
marrow study It provides for the student a convenient review 
of the information which is scattered throughout the literature 
The illustrations have been revised, and now consist of 12 
coloured and one black and white plates, provided as a visual 
guide to the use of sternal puncture m clinical pathology 
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Annals of Eugenics 
13 November 1946 

Recordj of eye colours for British populations and a description of a new eve 
colour scale (J Grieve & G M Morant) 161-171 
The inheritance of premature baldness in men (H Harris) 172-181 
A contribution to the genetics of hair colour in man (C D Lee & I. S Penrose) 
182-183 

Orthogonal partitions of the 6 x 6 Latin squares (D J Finney) 184-196 
The interaction of nature and nurture (J B S Haldane) 197-205 
A further note on polydastyly in mice (S B Holt & M E Wright) 206-207 

Annals of the Rheumatic Diseases 
5 June 1946 

The management of chronic arthritis and other rheumatic diseases among soldiers 
of the United States army (P S Hench & E W Boland) 106-114 
The chronic rheumatic diseases in the world war 1939-1945 (W S C Copeman) 
1 15—121 

Chrome rheumatic diseases from the services in E M S hospitals (C W Buckley) 
122-125 

Acute rheumatism (J A Glover) 126-130 

Lesions in muscle in arthritis (H J Gibson, G D Kersley & M H L Desmarais) 
13I-H8 

Biochemical Journal 
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40 1946 

Studies on diffusing factors 1 The kinetics of the action of hvaluromdase from 
various sources upon hyaluronic acid, with a note upon anomalies encountered 
in the estimation of A-acetyl glucosamine (J H Humphrey) 435-441 
Studies on diffusing factors 2 The action of hyaluromaase preparations from 
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Humphrey) 442-445 
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Moms) 445-449 
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The effect of phyuc acid on the absorpuon of calcium and phosphorus 2 In 
Infants (E Hoff Jorgensen, O Andersen, H Begtrup & O Nielsen) 453-454 
Too quantitative separation of tnvalent from pentavalent arsenic derivatives on 
the micro scale (T B B Crawford & G A Levvy) 455-458 
The mterdependence of the vitamins Vitamin B t and riboflavin fM C A Cross, 
J Embleton & K H Coward) 458-460 

The metabolism and functioning of vitamin like compounds 3 Products of the 
oecon^iosiiion of giutamino during streptococcal glycolysis (H Mcliwain) 

The thyrotrophic hormone thyroxine and ascorbic acid in relationship to the 
liver glycogen of guinea pigs (M G Crabtree & V M Trtkojus) 465-470 
4 M banc amtao-aad content of pratum (H T Macphcrson) 470-481 
Studies on the metabolism of semen 3 Fructose as a normal constituent of 
seminal plasma Site of formation and function of fructose in semen 
(T Mann) 481-491 

Palm oil carotenoids 5 Examination ot Sese ' palm oils (R. F Hunter & 
R M Krakenbcrger) 492-493 

Lipotropic factors and tho fatty liver produced by feeding cholesterol (J H 
Ridout C C Lucas, J M Patterson & C H Best) 494-499 
Vitamin A in the horse (M N Rudra) 300-501 

The mineral constituents of bone 3 The effect of prolonged parathormone 
injections on the composition of the bones ot puppies with varying calcium 
intakes (C M Burns & N Henderson) 501-507 
Observations upon the relation between sulphydryl groups and pyruvate oxidation 
in brain tissue (R A Peters Sc. R W Wakelin) 513-516 
An analysis of the inhibiuon of pyruvate oxidation by arsemcals in relation to the 
enzymo theory of vesication (R A Peters, H M Sinclair & R H S 
Thompson) 516-524 

The effect of arsenical vesicants on the respiration of skin <R H S 
Thompson) 525-529 

Bntub anti lewisite 1 Arsenic derivatives or thiol proteins (L A Slockea * 
R H S Thompson) 529-535 

British anti lewisite 2 Dithiol compounds as antidotes for arsenic 
(L. A Stocken Sc R H S Thompson) 535-548 
British ami lewisite 3 Arsenic and thiol excretion in animals after treatment 
of lewisite burns (L. A Stocken & R H S Thompson) 548-554 
Tho effect of phytic acid on the absorpuon of calcium and phosphorus 3 In 
children (E Hoff Jdrgensen, O Andersen &. G Nielsen) 555-537 
Effects of vitamin A deficiency m the rabbit 1 On vitamin C metabolism 
- On power to use preformed vitamin A (A Pine & C Wood) 557-560 
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The nucleoprotew content or fibroblasts growing in vitro 3 The use of defatted 
media (J N Davidson Sc C Waymouth) 568-575 me use oi detailed 

The ava, lability of histidine derivatives for growth (A Neubergcr & T A. 
'VcoivCf) 576-580 

The Identification 0 f amino-acids derived from cysune in chemical!/ modified 
wool (R Consden, A H Gordon & A J P Martin) 580-582 
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Brain 

69 June 1 946 

Occlusion of the basilar artery— a clinical and pathological study (C S Kubik A 
R D Adams) 73-121 

Anosognosta and disorders of body scheme (P H Sandifer) 122-137 
Coughing and unconsciousness the so-called laryngeal epilepsy (A F Rook) 
138-148 

The effect of rupture of the perineurium on the contained nerve fibres. 
(S Sunderland) 149-132 

69 September 1946 

Subdural haemorrhage, cysts and false membranes illustrating the Influence of 
intrinsic factors la disease when development of the body is normal (K login) 
157-194 

Fibre connections of the subthalamic region and the ccntro-median nucleus of 
the thalamus (P Glees Sc. P D Wall) 195-208 
NutnUonal neuropathies in the civilian internment camp, Hong Kong, January 
1942-August 1945 (D A Smith) 209-222 
Meningitis carcinomatosa a report on two cases (G J Dixon, A S Kerr A 
M E Sharp) 223-232 

British Dental Journal 
81 6/9/46 

The In i llro rate of acid production from saliva carbohydrate mixtures. 
(A J Clement) 145-130 

Increasing dental man power (G L Roberts) 150-153 

81 20/9/46 

The relations between orthodontics and general dental practice (K C Smyth) 
179-192 

Some observations on trismus in relaUon to maxillo-facial surgery (G S Loader) 
193-196 

81 4/10/46 

Penicillin in dental and oral surgery (A C W Hutchinson ARC Low) 21 1-221 
Tne early diagnosis of cancer of the mouth (E D D Davis) 221-223 

81 18/10/46 

Some recent research into dental amalgams at the R A F Institute of Aviauon 
Medicine, Famborough, Hants (W Hervey) 245-235 

81 1/11/46 

Certain post-operative complications of extraction of the lower third molar 
(T C Henry) 275-287 

81 , 15/11/46 

The cause of dental canes (C F L. Nord) 309-316 

Dr L S B Leakey’s discovery of fossil anthropoid mandibles from the Lower 
Miocene of Kenya (A T Marston) 316-320 
Surface anaesthesia of the mucous membrane (J Angelman) 320-321 

81 29/11/46 

Tile cause of dental caries (C F L Nord) 347-358 

Chairman’s address at the opening of the fifty first session of the Dental Boatd 
of the United Kingdom (E W Fish) 359-362 
Acrylic linger prosthesis (W Rotherham & L Walton) 362-363 
An unusual case of natural apicectomy ” (T D Birtwhistle) 363-364 

81 13/12/46 

One-Stage technique for acrylic cranial prosthescs (B W Fickling) 381-385 
Morphological and chromatic characterisations in acrylic teeth CE A Scher 
385-391 

British Journal of Dermatology and Syphilis 
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A clinical study of sulphonamide dermatitis (B Phillips) 213-227 
inquiry into the social background of convicted women at Holloway pruoo 
infected with venereal diseases (K Edkins) 228-235 
A case of allergy to phenylhydrazine (B Solomons) 236-237 
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Preliminary report of a dermatosis due possibly to mepaenne a description o 
26 cases seen in Italy (GAG Peterkin & H C Hair) 263-271 
Tropical lichenoid dermatitis (A Bigham) 271-273 , 

Degeneratio colloldalis cutis solans purpura solans EUologic and clinical 
considerations (C Berlin) 274-279 

Traumatic marginal alopecia due to traction on the hair (O G Costa) 280-280 
Haemolytic streptococcal infection in dogs (T Hare) 286-291 
Tho mode of peneirauon of the skin by mustard ga< (H Culiumbmc) 291-294 
The penetration of anti gas ointments into skin (H Cullumbine&H F Liddell) 
294-297 

The incidence of clinical acne in men (HAW Forbes) 298-300 

British Journal of Experimental Pathology 
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Studies on the detoxication of the labile rickettsia toxin (L Olitzki & E Bucchler) 
220-224 
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Modification of human red cells by virus action I The receptor gradient for 
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228-236 , . „ . 
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